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(54) SEMICONDUCTOR DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To stabilize operation of an internal voltage 
generating circuit 

SOLUTION: This device has a first power source terminal and a second 
power source terminal for receiving external voltage, an internal voltage 
generating circuit generating internal voltage from the external voltage 
based on a potential supplied to the first power source terminal as 
reference, and an internal circuit operated making the internal voltage as a 
power source. The internal voltage generating circuit comprises a reference 
voltage generating circuit generating reference voltage formed based on a 
potential supplied to the first power source terminal as reference, and a 
drive circuit supplying the internal voltage formed based on the reference 
voltage to the internal circuit, the reference voltage generating circuit is 
arranged near the first power source terminal, while the drive circuit is 
arranged apart from the reference voltage generating circuit so that the 
drive circuit is made near the internal circuit reference voltage outputted 
by the reference voltage generating circuit is supplied to the drive circuit 
by a wiring for distributing reference voltage. Thereby, compatibility of 
generating stable reference voltage and stabilizing a level of internal voltage 
is obtained. 
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(57) im^] 

mm] rtgi5mE^^@i{8©s(if^<DSS{b*ss, 
2 miisg^- i , Biiiem i m^a-f (c«t& $ sme 

HiiiKt^:^*. fries««iE^4iiss«8(iieii 
s^cDjaeitciegsn-c^cs i i itc Htiieigiftiiiiisw 

iHBrtSPIlJS® jfi^ i J; ^ k: BiIie^mE^4Is]S8 
•SBOiagWmEfi. Biiielg«)lHlSSK:*tOrS?Sm^E 
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1 

mnB» 1 St>*^2Sfil[%SWrrtg|JS&«l64tSrtSP 

munsummt^mt. mam i mm'f- tmimm 

» 1 mtt^:Swr}&fiS$n/c|i^i2rtSl5m^4%Bi^iertg|i|5] 

m^m^stiimsi<D&$kt. m^m i EnsscmiB 
friBmaiBiiiifjiB^ziB^B. friBii 1 mmm'f-(Dmm 
». 

i»t:y- h35i$ij{SP$tiBfliartSi5iiE*iii;^j-ria;'3Mo 
s F E T t . friaHi:^MO s f e T©m:^{cS':J < li# 

(i»*^4 1 if*^ 1 *6 3©Hn*>-oK:tet>r. 
.■#.tc^^ si-t * y -fe;!/ i , frtaa»©-f - f ^ 

fnaai^©H2>;^7>7-«> 8!riBrtgpmi4RofriE^ 1 

Iff*^5 ] it*]S2*>?.4©<5Iti3!p— oKtel^r. 

Wiai^i*^?.ii3m«^©^'7«> 

6 ] » 1 Sffi«:SWSfc«>©Sr 1 . 
WIBIS 1 SfitJ: «3 Wt^^ 2 itcisbom 2 miS 

ffian 1 so'»2mfi*swcrtsi5m(4«rife4-r si^sp 
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vxrnm^ mum i mij l-cj^bj s n.2. 

2 ^el!a?:/^ L/-c«^$ nB(ias!i^{4sofiiB 
m 1 sfi«:Swrj^fiS3n*iFiBF«9Si5mi4*«5iam i 

SI51sISS«c«|&-r S )t *©» 1 IgKilpIK i , Bf[gBII 1 mis 

i ^ 3 fiBi^%/r t r ni!riB»iim(4scmia 
n 1 mfii[*swrjgfiS$n€)iriBrt»mfi4friaii i i*j 

MBStim^£ii88^«>[iBm 1 msimmti:mmti> 

fcfe©ffiSl©gS tt. BiTiB^ 1 EiKScmiB^ 1 ^iflli 

ssiwiB^ 1 ]*ism^imm^tcib(DEmj:^&< . 

BiriBStimCi^aiiSS i iliB^ 2 IBSiililSg i ^giBSf 
fc*©BBiei©S$«. frfB^lEi68RafFiBII2iitt|nl 

<. 

MiBififie«i<i:WiB»2ffiiii». miam 1 nmm-<DEii^ 
mmmimmtmiimmmu. Btjiemim«T©iB 

iriB*«*iJSia«. 1 ma'&s w 5 j^cj*©^ 3 m 

frlBII 1 Siy-'^2l*3gPll88«, Biriam3m!!SSg^<!:ll3 

mm 1 Ry»2iittii8S©*'? «> friB»!i«E*- 

:^©A:^^T-c<:^ws^s!jiti}is<!:. mmmi^mso 

«rtH*-r«.ffl:^3M0SFETi. ajeHl:^MOS F E T 

mam 1 rtsuisiiigti. m^ov- mtm^or'—i'isi 
©5^j^>{c^<'Swe>naj'*y-fe;ui> mumiof- 
m(D^>jmit'^bxmihtii>mWL<D^>:^r>zrt 

ISiBl8IS©-fe>xr>-/«. WIBrtSiJmar&O'BuiBH 1 

Uia»i*>'3^3mjgiSiS^©^^tt> :j<>7*-f ^y-'^j; 
[f»3j?« 1 1] mi miiLi^»itc«}om 1 RVI12 s 
m 2 mfii*sw sytif)©^ 3 mi8iasi=- 1 . 

BijiBm 1 Riy=m2m(4«:SW-C|*jS|5f|fi«:IS^-r SrtSP 

B^iartSl5mfitRot^riBl^ 1 s{4^sw-cKi<'F-r*rtsiJii 



(3) 
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ifisrtsi3m(4j%4iiK«, ffies 1 mm^'f-tm i ie*i 

RCMffi® 1 S{4?rS»t:iriartSSS(44B9iBl*Jg|5|BI88 
Ml BlK9tllilS§<!: ItilBSitimiAi^^ligS <!: CO^CDmrf BS!S 

i[IErt8l5ilK«. B!igem2miS«5^ill2iaiS%/My-C 
1 2 ] i»*Jl 1 1 (cteii-c, 

inB0iiei®itirieii3i3ii«. mottios5*>P)^i»3n 

l5S«« 1 3 ] W*^ 1 1 2 ®fpin*^— ^CC*$l> 

r. 



10 



20 



30 



[0005] 



m^m 1 4 ] mm i *>6 1 3 <Df5in*»-o(ctei,» 

r, 

[000 1] 

m^omt^wK^^m t^i^tf. 1 6Mtr 

[0002] 

t*«4>S. LS I®mE'J 5 5fK:oi>-C«. tctfi * 
I». = C/3„/2)- (-V,,)' 

1.0 = (/3»/2)- (V„-V„y 
l,a = C(3„/2)- (V,.-V.-Vxo)' 

1.1 = «3„/2)- (-V,o)' 
CC-CV„«y-K9 9©mE, V,E. V.^B^n-en 
EMOS. DM0S©C.#<<i(iI1iE (V,E>0. V,,< 

0) . i8„. (8„. iS,,«-?-n-enQ„, q„. ^ 

/l8,. = /3„/i8,.i%SJ;^CCSMOSFET©SSi[* 

V. = V„-V,. 
tt£i>, tUt>%. ai:^mv,iL/rEMOSiDM 

os4©i/ti»<a^E©M©mEj!)iffe>n. cn«ji-SB 

««iV„-?>V,.©mE«:tR#L//S:t>$£!&SE-C*S, 
[ 0 0 0 6 ] i5^, i|i««:^g©K«S{b*5jitf fcon 
-c> i|iii«:^^®St«i^b«:#^i!HE©(ST*ipgil«:jfe-:) 
X^fc. C©rajli«*3H*Slg©fliSmE«:T{ftltf» 



■:f ■ T-i'-^JW • '^--'-i-X. 112 7 2M*^6^2 7 3 
H. 1 9 8 6^2^ ( I SSCC Digest of Technic 
alPapers. pp.2 7 2-2 7 3, Feb. 1 9 8 6 ) ^Ci' 
SfS©gSX{c*ji,»-c^'><6*x-ci>SJ:?>«:> D 
RAM (y-Y-^-S 2»^-7>5''ATi'-feXj'*';) lfO> 
t U LS I «:tet,>TB. i^S»m®aEJ:0 fefil^mE* 
\.S\=f--j V'±.tX.WLmcMm (mE V 5 if ) f 

^SSK <fc •5.^IJl©'>^c I »«5£ 0 fcSEr * ^£>S75i* 

0. •e-©/c«?>(c«ss«c»iiimE*ii:>s-c*4. */c. 

[ 0 0 0 3 ] C©J: ^ «:S*K:jt;Ae>S*imE^*ili(8 
iU-CB, ]rc<J:;iB^|4H«Fl^ll3 9 7 5 6 4 8^-?'^ 4 
1 0 04 3 7^&i'rtiSg3tlTt,>Sll88*s*.6. mi 

K:^©llSS0?r^"ro CtiB. H^1'^;^©x>^^>;^ 
^>h»JMOSFET (feiTEMOSilg-f ) t^f^') 
-'>3>}^M0SFET (OTDMOSiHSf) i©l/ 

^i^mws.(Dm^mmbx. s^^cmE*^#•50l^l-c^, 

S*. Q^d^EMOS. Q„. Q„. Q„*5DM0 
S-C*0. Vcc. V..B-e4a^'niE«E. *aEOM-» 

EMOSiDMOSi©L/$t^fiillE©^ 

[0 004] Q„, Q„K8Sn?.«?S£* I Q,i. Q 
„^c^tli,mi$.^\,^t■tZ>. 4-:)©M0SFET^Hi 

'rinh^nmmcm^i,x\.^htti>t. >x© 4^*5^5 



•• ( 1 ) 

••• (2) 
- (3) 
• ••(4) 

(4) SictO. 



(1) ~ 



(5) 



••• (6) 

S£3fe©S* (/ciABTTL (transistor transistor 

logic) 3>/^•^:/J^©^i-&B5 V) iur*$#. -tn 

J: 0 «>(gl,>mE (fc i ;?.B 3 V ) ©l^g|5mjS«:^l^ii<*SI 
f-h •t>--+7">. ^2 2it. m3^. m4 3 7a*> 
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6^44 IM, 1 9 8 7^6^ (IEEE Journal of • 
Sol id- State Circuits. Vol.SC-22. No.3. 
pp.4 3 7 -4 4 1. June 1 9 87) (CB. C©:^ 
4DRAM iif^ti -^i'-7>a''ATi'-bX^t';) ic 

«>©lil88 (.MS.') 5 -jiimm tcoii-ciEj^snri* 
[0 00 7107 (b) (c±i33ts««:ie*s§n-ci>i>ii 

* f Il?Sr*«J . SWrnE^ilKV R ilgftliKB*^ lo 

!$mES4|51lfSV.(a> i1-S|5mjS«EV„ J: * 

«. mE{i*W.<!:|5]DffiJilltfe;^©:A^*l,»mEV,*^ 

AiUJ:*jMOS Qi,>6fiS*. msim 

ti, ffi:^«c»tiJ:'3Vi*ijf3i3n-c(,»s©-c, C©lslJ8 

t©rea!)te;ti«. mt}M0SV'7>iyy^i>Q,,z<D^^^ 
;nfiK:J:-9r^*S. Lfc^ior. Q„.©f-t^;nti 
*JiflS©«Wt«K:j|^-5fc;*ct3*iim-L<-cteW«. 

[0008] 

DRAMn»;i«. I 6MbitW±©LS I ) (C 

[ 0 0 0 9 ] *-r. £120 7(a) {C^Lfcfi^fiTflij© 
WSj^i»> EMOSiDMOSil^^ttMOS^cST'^'? 
-fx S/cJt). ^nh<D^^i:-^itiO>ifinb\,>C 

||^ccB3>i('i'^!>xfi^SS:(3. /3©iasts??ttd 
(3/dT> ttl,^ffi^E©aSfi!cl?ttdV,/dTI?© 

EM0SiDM0Si©L/tOffi«EMV,e-V 

[0 0 10] EMOS»y-h • y-;^fflmE*iov© 

i^WV^eSO .5V) g^-rS'iJ>S*5$,^, $/c, D 
MOS«^ ( 1 ) *JJ:V (4) VmStii^^iCW&m 

i:u-cfflt,»6nsJa^*i*s©-c. misiEfii©«e.-:Jtf* 
«i^-S)/c«{>(c«. i(r>Lti,'>mmE.VTo<omim\tiptj: so 
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tjihttf^^ l//c;*JorV,.-V,„B*i/JcOA*< (fci 
^«V„-V,o^2 V) iliO. cntSMOSFET©?^ 

Wmio cniCtoT, ±-C2i^/ca:^iiM0SFE 
T i bX<Oim.m^-Wfi^-fi>. *Sig© 1 o©B6(j 

m ^ ^ct >S!imEI£4lil88?ramt 5 C i (C 4. ?, . 

[0011] ±iBia 7(b) i<c7r^tm&mm 1 ©pg 

IIE'J5-yiJEI8S©«>f'f©SStt(CO(,»T^M 
$txri,>^j:i,^c t-c*S, -jKK, 07 (b)©llibli 

n*02 (a) , (b) %fflt,»riJiB^-rs<, J9a**H:f 

fts^SiKKtec^t:. fitijiti*5i 8 0* vcttitm^ 

thtcifyvz 4 5 • t(±!£.^T* s i i-bn 

ri»s, *©/c«)CcB. Ji?^>l^f|J^f©#tt*^»fnftJ5l 

('P-Jl') ©^%. 2#B©;iP. (ffl**S6dB 

/octd^iE) 1 2dB/oct«c^t)S,'S) {Ctet:f.5fiJfiAiO 
dBKtTfi^jWnti^ce^cC^ mEySi'i'lHlSSB. 

6 JJcl ^©l* 4> ^. -5 ^© C i -C & S . 

[0012] ca^mmK-^thnrnt tr«, litiiin 

• ^-^-t'J, »2)iS. i^a> • U- • T> K • 1»- 
>Xtt (Paul R.Gray and Robert G. Meyer: Ana 
lysys and Desigi of Analog I ntergrated Circuit 
s, 2nd Ed., J ohnWiley and sons I nc. {CiiRStl 

E'j 5 v m^o^mtuhmmt. ii^©*«{*^g 

©l*jSPilSSt?*0. ^©fCCBSa. ffiin, -Ofi'f 

^^«-^fii4cfc©*5^sns, L*>*>. •?-ne)©ai§f 
^m\hW^i^-ki$ <.Wih. cntCcfcor. 07 

(b) <D'mim&^om}m»^'{77.%.i^timt\^, 
•e-©iismtsins±(*©^i«S[«i4fc^<b-rs. ms^s 

5»lllS4$5e«:S()ffi3«Sft:a)(ctt. C®ct^«:a» 



[0013] ±MZ^mm(Dm2(of^m.^.\it. 

i^^mu/c, B3*5J:l>*04^±gBfiE*g^JB«¥^(* lo 

BEI%^|p||»»CC-C»iBK*^iaSL/r**) . 14a- 
1 4 d«>'^•;^X^^[iSS. 2 a-EdtiJSJfflMOS h-^ 

[00 1 5] v\tmmrf-^^mLx\.^^fc 

::^^^lel88l 4 a-^l 4dtiC<D/cJ?)(DlplSSr^'2>o 7 
«rt8|5mja®IV.*^b. 1 4a-'14d»li«V. 20 

y>-;l.x^^lHlffi^n 4 a - 1 4 d<D4(B*ScD«:*ft 

hrmi>ct>fc^mi.^mmf)^'jmx$)^. ^m<om^^> 

ffi^-Tho 30 
[0 0 16] m4U. ^3tC*>Cf ^lB^X^iS<<c^<bC^ 
^Bflgi^jict'S/cesbCc. S^s^ux^SHSStc^tfEL/ri 
<i-roiilblp|K7 a . 7 b . 7 c . 7 d «:ig:l:f /cWlr* 

A^mmhj^mmmm^m s (om^«,tt^xmmt 

[0017] ±%m^mfi(Dm 3 (oraja^-^.^. c mo s 
comm^. mmmjLm}(om9c^imi^Lxm&^ti 

S^-f^fS •:^^7>^ATi5?-teX^^y (OTDRAM 
[0 0 18]!15^. Wi^xiUff^CMOS • DRAM<D 
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[0 0 1 9] r>f • x;^ • XX • i/- • i/-. 

-•XAI8.6. 1 984^. II2 8 2H(ISSC 
C. FAM1 8.6. 1 984. p 2 8 2 ) Cc46%^r^ 

De>nrciSj:^cc, mos h'7>s^x5?©^ffi«:/h3 

ommifi^o^. cn*i»<f/ces?)«:. ^gfS)±<D/ci* 

^r. iME^humK^nmbxTii^ctmxhti 

Yf^n-3^3&^) {cJi-gpssmEVcc. •i2>;^r> 
r^^^tf ^ y -feibr u-gpcc Vcc J: f^fSc^siifPilEv 

. ( I V. l< I Vcc I ) «:fflC^^C<br*€>o tUt^ 
[0 02 0] t5&>L«:*56. CMOS • DRAM^fcl^ 

MMBVc^X^ht. P^'^^)VM0Sh'7>iy:^^iiC 

[0 02 1 ]a6(*. y-b&l .2 urn. Y-Vmi 
0Mm<DP^ + *;l/MOS h^>$^xa?©^N'2^^y-- h 

-fr;^) tc*tu. t;SiifflmE*:7'p -^^ h b/c^><^r^ 
comxitt. /^'*;^^^y-^^^vrx*^2VB^}Ja?t^ 
-Sxt. *^o.3 5vo#i^fiimE>5^±^-r^o ^ats 
1 t?^<fflc>e>nri^'5>mi2^.mEVcc^c?*L/. /cixt^ 

Vt = 3V6T*i. 0.3 5VCDL^(.^«imE±#litt 
ffSEOl 0%«jffl;iT*J9. '^M^'tOttm&i^it 

[0 02 2] ^^^(OtkO 1 rxommiit. ±iBm 1 cDPpI 
[0 02 3] ^^mMOf&Omm^t. ±iaS2 ODMill,^,^ 

[0 024] :^mM(DW(^immmt. ±13^3 cdms 

i^.^mi^b. mmi)^-:>Miim\^0CMOS • ls I da 
rge scale intergrated aircuit) ^ffi^*^^CitCdb 
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[0025] ^mosmt. ±Mibtci&. MtC. 
[0026] *^?3©MccffecDa«tt. 

[0027] 

S!i<b2<i(DFET*ffll\ -en^iC-mc^ffi^iiS 
[0028] ±15® 1 ®Fflgi*^^-rSfcJ6, *IIWC 

[0029] ±ffi®2 ©MjS«. SEE'; 5 -V fSKi* 

[0030] ±ie»3©W®«rWfiT'Sft:J!)> *S?«-C 
». CMOS • LS I {Ctet,»T'!7i;Hli{C»(SSnA:M 

OS h7>y;^^'©.'<>i'-y- 1- «E*. V 

[0 03 1 ] 7=7''J-i/3>JfJ©FET«rffll^-r. x> 

ffli,i-s©-c, ^n6©t#t,^fiimE©M*. +^/M< 

•C^* (mSWtc«t,Ke.^jN3<r*)J;t,^) . btcifi-y 

X. midMm.mictk-<x 2 ii© f e t©^i4«:^# s 
[ 0 0 3 2 ] «E "M 5- f ©aa©©iaf%iBtt-r 

#^s©«)f'p* - K «: J: o r . mwsm^^mmmm 
©a:*jiLte»)-r*ciccj:-:>-c. n^o^mcnt^b 

:£j&mE'J 5 V mmii'^i>Cti)iX^i>, 
[0033] mEV 5 yiimmt'i:(Otiit)iWMtVX 
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o-Cjl!R/^^3l!R©il«^CC*^«!&©m@l»8-C 1 m<0 
«Ey 5 •>a'lH]SS?:«Wf'5>Ct{Cj:i3. mE-Mvi? 

iii(8©»«r«?>-rct3!i$t?**. iyfc*«or. imm> 

[0 034] CMOS • LS HCfct^r. x)ltp(^B 

{C<fc i 1/ * l,»ia^©±#«:l» <• C i *s-C # 
[0035] 

[^'J^©fl«l©}g«l!] telTv *l6W4jSi1W'&fflt,>-CSi 
[003 6] C©|}iW«, S^^Saict m 

jiir,x. ^ti^nc:>if)i-yiiCisi.^xmf^<Dmi^mmm 
mm^^ottm^wi^^tih. bn^u. cn». cne 

©e/jU- < J4St©*>©«:iSi»-r S fc©t?«:(,» C i 

ctih(Dif)i-vi,t, ■^ti^tim^'^-\ixmmti>ct 
*jjKJBW(CBjte-c*«>ti^{c«, •e-©iBi5^^*5-i*%s*s 

K:7ni^LriiS©rS)-2)„ M(c, «T©giH^-cW6*^«: 
^5:*3!)S. IPri. »2. Rafm3©y;U-7"«> fil^CCgt 

■<*»i/*^8^t?«<c<. a<!:^i'©^t^, iB^-S4c 
[0037] cm iffi^- yi «T, y^mMom 1 © 

;U-:^©||Jfi«^%0S(cJ;i3sftWr.S. aro^Mxit 

iE<Dm$mE^m.-ti,m'^<icrn,^ximti,ffi. y v 

i?©®tt^|5*j^«:-r i cc J: ■9-cft©SJ»m 
i^SLt^ctbx^i, 

[ 0 0 3 8 ] 0 1 ( a ) l^^mMom 1 ©*Sfef?!l©i]SS 
0*n^-r. C©il!8«. N^' + ^^Jl'MOSFET • Q.a 
~Q„<!:P?1'*;I'M0SFET • Q„. Q^,ffih^ 
0> V„„«iEm©i1-g|5miS-C&S„ N?f- + ^;l'MOS 
FET©^%. Q„<!:Q.,»S*|IU*k»fiimEV„«:}t 
Oi^^N^xy^H^FET mTEMOStBSf) "C 
*0, Q»«V„J;'5iWt»tl?t>«imEVT,,^r#':) 
i>-'N>X^> l-ffJF ET (ttTEEMOSiBSf ) 

*2>. fe^T. c®i5iss©tt{ip=&m§^-r*. 

[0039] Pf-i'*;l/MOSFET • Q.^iQ.,.!: 

K U 1 , 4 Q . . © F U •< >««E I . t OlW-m 

M<!:Q.>i©S?S[J:b«:J:^rSS^). Q.,~Q.,©S» 

j!ij??1/<. ^>rtiiimmmi$,xwiffbxi,>i>iti>t. 



u 



10 



[0040] 

U = (/3,,/2)- (V,-VT..y - (7) 

U = (iS,/2)- (Va-VH-Vxe)* (8) 
I. = C/3,/2)- (V,-V,.)' (9) 
CCr/3,etiEEM0S (Q,.) <0a>^^^:y7.% 
R /3,«EM0S (Q»,. Q,,> (D^^y^^^f^J^fife 
V,{iy-F6 l©m)Er*5. (7)-'(9)S; 

V, = 2V« - (10) 

V« = (Vt,.-xVt.)/C2-x) ••• (11) 

x = (a/3,)/(/3„) - (12) 

CC"Catt:^U>h5'7-lp|ffi7 0O5"7-J:b (I, : 
1 , = a : 1 ) r$)^o 1$CCQe4 iQ6,(0^?S;Oi|^-(D 

Va^VT.e-Vre - (l3) 

i«c€»o -r&b-^. SmmEV^iU-CEEMOSiE 

dV«/dT = (1/(2- X)) • (dV,,,/dT) 
-(x/(2-x))- (dVrt/dD 



(7) !($g32 0 0 2-2 37 1 8 6 

12 

fe. V«(D:*>toOCCV, (=2VJ ^SlgSEiL-Cffl 

^t^mdCtb^XMO S F E T(D^m^'^^6Cti)m^ 
kits. V,,,^2V,,. l-J^cCt^^VTee-VT.^V.e-C* 

/h$< (/ciAtio.7vr#. ^^^^)m^(o^^^ 

[0042] *^H^tC<fc^>liIgS-C«L tC^liimEOSS 
c^. :>coc-e<D:&^*iftWf So ( i i ) s:*aST«: J: 



(14) 



dV,,/dT<!:5bl>J: 

s«mE<Diasfi!c#ttd 



L/c7&iordVT£E/dT= x 
Va/dT = 0(C'CtSo 

[0 04 3] ^j:*5. :$:|HlSS5CfflC>€)MOSFETC7)^i' 

f*l^g©fte<D0iS"C^ i-^^Jl/g 1 ummStOMO S F E 

l\ /ct;itt5 MmW±©^i'^>;bg(DMOSFET«: 
fflCiS<D*iJ:l^o (7) - (9) ^r«fSmcD/c255. fi& 

[0 044] 01 (a), (b). (c) (Z)|pI8Sr{i. mm 
mE4{'f-5>/c2s5(DMOSF ET • Q.^-^Q^.O^^-j ^ 

mm^(tCmmt^J;:^(iCLXi>J;:i.\ bi)^L. MOSF 40 

[0 04 5] CCX:^mJi^cm^>^tfiy>h ^y-m^ 

(a) <DllJfiWtCffll^6nrt^S2ffl©MOSFET;&> 
6^€)@SS^fig6ti3^d:l^o /ciAti. SI (b) tfc\t 
(c) cDIII8Sr4>J:l^ cl^6CD[pIgStJ-^n^n;^;xn 



Q.,<!:Q,s(DFH^> ♦ y--:^MmEcD^^tOcJ:o 
r5 7-|:ha*itor3&HC^{b-r'53&^. 01(b) tfckt 
01 (c) Olp]Sgr«^(7)^<tS7!)^:i>^j:t^ U/c:^^o 

t?^. J:0S^:^cCS?SmE^f#€>Ci3&srtSo tfc. 

tJiy^h ^'7-m^tLX{t. 01 (d)(ciS-rJ:^ 
Ji. MOSFET<D:'&>*D0CC>'WJi<-^ h^>*;^X^?^: 

max^^f)^. ctif^commmmi (b) - (d) co 

[0046108 ^c:^mM<om 2 OHiSffH^TnT o C O 
|5]ffi«01 (a) <DQ63^StnR..rgt»^/c*>CDr 

[0 047] 

(V.-VTce)^ - (15) 

(y^-y,-v.^y - de) 

••• (17) 



Ii = (/3ee/2) 
Ii = (ee/2) 
I. = V./R,, 

V. = V,ee-VT. 



(18) 



[0048] *||j!ifi«fi|©JRFm», EEMOSiEMOS 
t(Db^i.>mmf£(0^^. 01 (a) CDii^cfcO 
M^^<r^S. (ESW^cmK 6/h3<r*>J;lO C 
ir*So ^(D/c8?). MOSFET<Dlttt*^#SC<t 
'f)^^hiC^MX^^. fcfcb. 3i^©MOS7*nH2>^-C 



13 



10 



20 



«. -aaccfijt J; •) «>Mo s F E TcD:^*5tSw®a*^/^ 

[00491 09 ( a ) l^:^^m<Dfk<Dmmf^i:fnr, 
@ 1 ( a ) ©j|ilta|i©m*«, m)5S I , i 1 1 iwth 
Ell (a) ©Ji^H. :»7U> 
h 5 7-0187 Oamm ! , i I ,©J:b«:-:£«:fi?o'Cl> 
*llife0?-C«2ia©*U>h5 7-ll8S7 IteJ: 
yf7 2*!iKI«WK:cn«:ll^-r2>. T&to^. 4<i©N 
^ + ^;l'MOSFET*>?.fi8-5*U>h55-|5II{87 1 

4-Si:b«:«o. ChlCj: 0 1 . i I , i©J:t35i!-StCfig 
;rcn.2>, /ci^«. iIS§7 1©5 7-I:k«: I. : I,= 
1:1. |5|llS7 2©5 7-J:b«rl, : I.) = 

1 : 2i-rti«. I, : I, = l : liftc-5. 
[ 0 0 5 0 ] *llifit^©i^m«, Q„©KU'-f>-V- 
mnS.mm-MV: J5c-2.Ci-C*S.Sl (a)©SI 
JSIW-C«. Q.. © K u > ( ^ - K 6 2 ) ©SE«aii 
V„„-|V,p| (V,,«pg^-f4<.;l'M0SFET©L/$ 

I.= (/3„/2)- (-V,-Vt„)' -(19) 

I.= (/3,/2)- (V.-V,-V,,)' -(20) 
CC-CV,tt^-K6 3©SE. /3„. (3e«^h-enQ 1,: l : 1 

„. Q,,©3>yi'$>x{^-r*2). C66©S;J: 5^5 

V.=Vt,-Vtp. - (21) 

i^C"). SitmEVKiL/rP^-t^Jl/MOSFET© [00 5 5 ] 

[ 0 0 5 4 ] ^HilWi. P}^©S«±CC»M3hSi|i 30 

i'^itcUXDMO S F E T©-'^ f y- h B*ti-e*a©V 
-^icmmt^Ci:f)mtU\ bii^b. PJi5©S«± 
©*«»*«leIK-e». N^^t^^UMOSFET «S« 

±(citsfl5fiS3n. ■?■©>'< f i'y- h ttf'^-c^ffl©* 

E.ffi^mti>t. N?f ^;UMOSFET©U*l,>fflm 

E*5g{bfs, ^noc^tfr. p^^+^juwosFET 

»NJ^©'t'*Jl'rt«:fJfiS$ti^©-C, SMOSFET© 40 

-c. SSmE^llii©iJS*SW:!it.^J;^K-r.5ci*5-c 
/tiAtf. DRAMt?«, PJ^©»fi4ffil<>. 5^ 

-3 Vgg) *StS«:Ena-r.&©*5#ii-C*^. Ld^L 

c©sfi«E«> 9^siimm.mEE<r>mi^^'t'}(Dmfic 

i^mwrnwrnK-cu. n^^+^^ji/mosfet©!^!? 
i,»fiimM«:SSi<i:-r*iiK©::^*'J;i». so 



(8) • #63200 2-237 1 8 6 

14 

EV.©^I(|%J3<. *n«C*tl/T*l^ifi0ll-C». Q.. 

© FU"<>mE«2 v.«:^/cn-ct,>s©r. v„«:*f 
[005 1 )^9 ( b ) (om^<ommM<Dmmm-x: 

i>i. C©ll8gt?». 2je©EEMOS7!)>6^-&:^U> 
F5^-lHl!{87 3*M,i l^t^-^EtkCcS^. 2fi© 
P 9^ + * ;l'MO S F E T*^ e)fiX€. * U > F 5 -5 -HISS 7 
2*J. !,<!: (I,+ I.) i*-^b«cfigoc<bK:J: 
•) . I , i I , Otb^i-SCCfig/tnS. 
[0 0 5 2] Ctl$-C©SliSW3:> 0-rtl4>Nf^-f ^Jl/ 
MO S F E T©L/*(,»ffl^EM%»S<!:^SIi88-C*o 
fc*^ pg^-t.;t.;UMOSFET©tt(r^«imEM?r. S 
tiiT4Ci*>r^l>. 01 0 (a) . ( b ) KJg-©^ 
*iK-r. Q„««»l.#(r»ffimEV,,«:HJ-^P9^ + *;l/ 
M0SFETr*i5. Q7jttV„J:0*>ffi«.> (*t?»*t 

«l*5:^t(r>) t^uwmEV,,e*}^-^P?-+*Ji'MO 

[0 05 3] 



10 (b) ^>|5]il^cPf■+;^;^M0SF 
ET©L&C>«iSEII«:»J*<!:-r-2.ilS§r&.2,. Ciit 

©leII8r*ofc. L*>l/. *I1IS-Ctt. ttm-s^iaST 

il8S7 6K:8SinsmffiI.«. iil^rSCiR., (MO 
SFET-ca»bTfeJ;l,>) (CfcoT^S?.. SWrnE 
^|ilSS©ttf'pmSgI,*}J:i>'I,«. l,<!:2ia©*U 
>F 57-ilK72*Jd;y75«:J:-7TS*§. /ciit 
«. 0SS7 2©5 7-lt«:I, : (I.+ l.) = 1 : 
2, lHl!IS7 5®5 7-it€rI, : I,= l : I tttHt. 

1.= 1,= l,tt£i,. 

[00561 /tciasstt, mmwLmmmmiLbxi.^h 
©r. •bJi'7^'<-f7x:»a:©lilgJ:«j<). f=^>vx©« 
e)-:>$K:J;SlSf'F,^.©^*5ii>i^c<. 0/c*«-3t:m««l 
iiS©t«6.-3#*ili>«j:l,»il»^!|$a![*5*^,. 
[0057] /j:*j. HAy^^'^ri^lj^omKvkt. ja 

KllllS§?r^tWrte< CiA^MS Lt,\ J3Sil[ilSSi«. H 
SSd^MS L/ < !a:i,»g^'^.KP6S©%P;5±-r*fcfe®|plgS 
/c<t^«09 (a)©llK-CB, S*l,l»S5£ 



15 

CCDi#-/'-K63<DmEV, = 2V«. ^-F64 

(DSEv,=Vpp- I I -c4)2>o cnm 
mi^mtiu^i^K p^1':^;^MosFET • 

Q,,, Q,.teJ:i>'SJnRt, (MOSFETCCJcotTSIfe 

[0058] '.X(tC. *^§«^D R AMCCiifflL/cmS^ 

?iJL;^c^^»;rix-, 3 3W-te>X7>:7'. 3 1«7-- 
[0 05 9 ] MK)T>:7'2 4i2fl|0ffitriR,i. R 

[0 06 0] 

V/ =((R,. + R,,)/'(R»))- Vh -(22) 
Va= 1 V. V,' =3V^c6t^. R,, : R,, = 2 : Id: 

-rntfjci^ ^/c. RjtiR^^pj^ccb-c. V/ o 

[0 06 1 ] >'>'77T7a*5J:0*7bti. Vk' (DmfiiS 
miW^^M^hfclbomi^'Ci^h. ^^vVr\t. MO 

<tor«fiX$nrt>So 7 bCDW^ttTail^- 



;9) it#M2 00 2-2 37 1 8 6 
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Fss^lga-rsotcffli^en^o *:^JSWr«, 9- f 
6o ^©fcesbcc. 7-- FiS^ElHlSSS 0^gt:fr*^o 

[0062] 2|!:||S!gwcffli^6nri^^'fe>;^r >7*3 

3«. P^ + ^Jl/MOSFET • Q,,,, Q^siN^i* 
^WHVIOSFET • Qi,.. Qi,»5^^6^^. m^OCM 

/(^,^lgU-<;UCCLrMOSFET • Qt3.. Qii,* 

nri^sor. 3 3tiit)f^'rsciccj:«3> T-m(o 

[ 0 0 6 3 ] ;>C^C. *|%BJ^: D R AM«:Jlffl btc^O^ 

m \ 5(j^Eu ^ a? 1 2><Dmm\y'ir^ vmxh^. 
mtimimLxi>?>. m^. i^tmw^yy\ 2 

ti^^vru-. 3 Hiy-F F^^>'^^ 3 2^in't;r 
3 3ti-fe>xr>7\ 3 4«7=^--^j®7*y?-i' 
30 -i^m9&. SbiitT'-mmViMK. 3 6LfcJ:J>*3 6 
mt:^^y^M^. 37[ttfyAfa-^^ 3 8«^-r 
>T>7\ 3 9l*'r'-:$?tti;^>'N' v:7t. 40ti'f--^A 
ti^'^y'Pr. 4Urt3i^ll!S. 4 2«n'?TFUX^^ 
':;7t. 4 3^J*^AT FPX^<':;7t. 44tJ^>f5 
45{J-fe>X7>7'ig|(j(i^^4|pI88. 
4 6«7-FS^mE^4lHlK, 4 7«7'-'t$f«|7'U^i- 

-i^mK^^m^. 4summma^^mmx^6. m 

iHISS. 6a«m^^|pI8S. 7a. 7b. 7ct3:|g8i) 
40 IhIJS. 4 a. 4 b. 4 c«mit6Vss<^'i^>7=^-< 

F. 5a. bbfcm^mmmEEWczOyr^yr'^y^^^y 
Fr&S, S?imE#fe^iaSS6iii1-gBmiSmEVcc (c 

cvmv) f^nbxumtitifcmEEv, (ccr« 

I.IV) ^fg^L. ^E^^lpIK6a(i^tx^'nv/ 
(CCr«3.3V) tC^^TSo IgifcHSStJ. V/ ^ 

EU^^m, <i:4>tC3 .3 Vr*-&o 

[0064] *jiiSfi»i(Z)ii 1 saia88tc4>m 

50 BO^-jmm^MmLfcCtX$>^o V,At4 5h^ 



(10) 
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aATliC, V,,«32. 37. 38. 40. 4 1, 4 
2. 4 3. 4 4. 4 6. A SiC^tl^tl^f^Stl^. t 

®EEV„4>L<«V„-Cliifp-r2.. S22lllSS?:t5^S|5m 
iS^ffVcc J: 0 fe(St>S5£{b3 n/cmEV. . Tilif^S -a- 

[006 51 *llig«^©S2©!^ia«, 'J 5 y f 0 
8S1 3*4^i*?^-:'7'©*i^K:iHgl/fcC it?**. C 
tiKJcD. rtSPm^flEVi,. Vw©ffit81 la. 1 1 10 

[0066] i?m&m<Dm(oi^Wis.. mmm^(01im 

r, m 'J 5 i'SSSfflO'j^VT' -f > i^'''^ K 4 b tt, 
ffe©lilliSfflc?)^>r ^ >y^^•5' K4 a. 4 c ijmc^ 

jciu'SESisiiissomHieiitiicifi^^&i^-rii. i^sii* 

^<L/> *»-5ffi©StteRi«»lSIL<-Cte< CiJjia* 

*j<©#sg*>a$Lt»*5. if^yf-ti^ifi^'j Ka^^atc 
1^0 s/t> HKBTSLri^^fc^AJ. y*';ru-ffl©^ 30 

tf^it. ^(Df'-m (*©sfi»as^ft«^p 

[0067] *JlifiWI©S4©!|$ia[B. m®^©*^ 

il-gpmiiiiEVccffl©*>f'-f K«. 

-;<*VTU-ffl©5 ai. jaiail|{Sffl©5 bi-CSOCCia: 
^*';7U-ffl©|gS61IK7a«5aK:. mSM 
8Sffl®fgliliIS87 b. 7 c»5 b«C^*l^nifi«L/t:iB 40 

cnKJ:»)> HiS^IlOa. 10b-C©liE 
KT?r(S!«-C*S, ^>^^^C©^F$T^«S^1I 

V„©(6T«:^<C<!:*s«>S, Ctl«rP;5<'fcACC«. * 
j|Sfi«»(©J;!>K:. iBilll Oa. 1 0 b©-< 

-ffli-Cij^^'f H«r)3i)«:tg:WA:©«. ±a© 

j:-oxmm.^±iic^^-rmmK ffe©iiKccsi5S so 



i^H2 00 2-2 3 7 1 8 6 
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«r#AS©?:K±f S/cfc-C**. KJSmE^^ilffifc 
J:i>W^ftlHlKffl©mi®«> cc-ctts b*ip,i3i^o 
Tt,»**i. ^>^*^»l©J^<>f=^>^'-'•!f F«:a9:wrt> 

[0068] i^ite. 0K:«^ni.r(,>«c(,»3!)i. f'-^fa:^ 

EVcc-cegttff-rs) ^-Xitm^im^thiphx 

C 0 0 6 9 ] «T> 3|s:|S5fi«»!©SSWc-3i>rffJai«:attW 

[0 0 7 0 ] *-r, S?SimE^*il886(CO(,^-ca-< 
S. »SSffiS4ll!!SiUT«. HI (a) - (d) . 

r, miaoj:^«:. Sffim(4^S6©KS*^)&:<-r.6fc 
a?){c«. SMOS F ET©M'5, i^y- h«^h^n©y 

(a), (b) ©IslSS-Ctt. Pf-f^JUMOSFET • 
Q, , i Q„ i © L/ ^ l.>«iaEM7JS»tSISEV , i .5. 
C©li^«. Q,,<!:Q„<!:L.-C». fc<!:A«iai6 

(a) , (b) tC^-r«3»©P5^i'^Jl'MOSFET^ 
fflon«<i:l^. IrIHI 6 (a) \t\'A7'^ hS. Si 6 

(b ) BlKfflH-C**. Htfi. 10 1 «PJ^©^|ia«*« 
I O2«N0©"5x;U. 1 0 3»N + ffi;tS(^. 10 

l\t?->rmm. 1 0 4«T-Yyu-->3>ffl©S i 0 

1 0 6»<i'- hi feS^ISSi/ 0<«^ 
1. 1 1 3»lilSi%itM. 1 0 8»SE^. 1 1 5(j:^ 
B)i. 1 1 6«n>iJi' h7L-r&-2>, V-Xj£|i(l (S 
®£liJ©P+ffit5jS) iN-i/x^Ui*!. £11131 0 8«: 
JtotSlKStiri^*. C©SI-f*50io (a) . 
( b ) ©0S8S© - K 6 6 (ctaS-r S. C ©1«3i«ji 
S©CMOS7"D-feX-C{'PSCi*l-Cta. 01 7 

(a) . (b) «. •?xJU«:-fi«ig(Cbfcfi«!r*a. 
icfi. 1 1 niNJB©S®. 1 1 2«P}g©'i;x;w-c* 
S. c©<J:5{c> ■i;xJi'*rj|«3i{cot:> il-ffl©'^;* 
;H l-2©^filc«:fflS (fci^tfm) -rSCitcJ: 
0> S«l 1 1 iMOSFET©^N--vi'-y--h 1 02i 

mt^mt%±t<cu<.ti>cti)i'c^h. ssi 
1 u3:ft:i;i«?f§i5miSVccCcgsiK-rn«j:i^. c<om 

-ojffi]n-r-S!^cwcfP4ci*5r*. tuswisaxhr 

COO71]01 (a)~(d).08. mQ (a). 

(b) HI l©il!8-CB. N^ + ^.JUMOSFET • Q 

..iQ..i©L*i>iimE^*jasiminc5. cne> 



(11) 
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om^^m^^^m^it. mie (a) . (b) . 
17(a). (b) iOdi^xmmw^^micbtcm&oN . 

9- 1 *;UMO S F E T%ffl(,»tlK J:!,^ 

(0072} S^HmE^^^-r ■5/ctf)©->Pt©M0 S F 
ETiaiO(a). (b) OJi^ttQ„iQ„. HI 

(a) - (d) , H8. 07 (a) . (b).BIllCD 

l>. fcijttf. V-;^- KU-f>S;IStJl±©n>ari; h lo 

?L(Di3g:&ffi?:i5l-tc-r'SC4«:i:«), «;tJlSCi©R 

[ 0 0 7 3 ] ;Xfc. miEE^g^IslgS 6 a {CoiiTai'HS. 
IIE^@li8©-J|31:^*S 1 8CC*t. > 2 4 
«^i(|ifm 2 5 « h 5 > i^ilS8> Q.,~Q,,*JJ: 
O'Q^tiP^'+^^l'MOSFET. F,-F,«biL-X 

r*2>. cntcMii-r'SiiiSWss 5. 137. S3 
9 (a) vsm^txhov. ctimmttxii. -mm 20 

J:5V.©«6ot%|ii«-r*/c»®«)E©aR!mS ( h 

[0074] ^«;iSi|iig2 4©A:'38S^©-:&k:k. v 
,ifiX:bSin. fl6*«:«V,' «rMOS FETQ,<~Q„ 

fcj;0'Q,,~Q,,{CJ;o-C5)-SilLfcmEV,' 

2 4©it$i¥*i+»:*:»i»i-rntf. a^m 
Ev.' (i;xs-c-^*.e>n*. 

[007 5] V,' =((Rt, + R,,)/RtO- V. 30 
K=&^¥ttW«:St»ii*ftL/fci*©a!SiiBt?*S. t* 

,' iiBS-r^cijji-c*^, v.. V.' (Dimma. 

a-X*W»it^j:Ci<i:!f«R,, : R,, = 2 : 1 i l/tfe 
<. V,> 1 .1 V©ilr«F,~F,4^»t-r.SC<!:{Cj: 
•)RT.«r7^»< l/> V.< 1 .1 V©^*ttF,4^»^t- 
€,CiCCJ:0R„?:A^< U-C, V,' *i«?iffil*>6:^ 40 

[00761 MOSFET - Q^fe.fcy'Qs.tt^X 
-K©i^r«:V.' = 0 Vi1-.5>/cJif)©*>©-C*S. f- 
xh*-K©i^B<i^Tt*5V„u-^;Kcrj:o. 

V,' ttOVK^C-S. 

[ 0 0 7 7 ] 0 1 8 K-mLtcM^a. ^l^fffSA I 0 

0 4 3 7 ^VZUm^ O •SUKtChfc'^r . ji^©MO 
S 7"CH2X-Cf'F-o/cli^©i5ffES*VhS t,»i t,> -JipJ* 

B. Hl^jmEV.' -5/ca)©SR^^tl/r. mn SO 



12002^237 1 86 
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*fflU.-ri,>/c©«Cj=tl/. 01 8©liSS-CttM0SFET 

^fflc^rt^l,. |3i8g©?8g^4(5i«-ri>fc«)K:«. m 
Ki^mm'fomimthl.tiP'tj: 0 7^* < (»S k 

a) rj:»mttj:hm\ 3im®M0S7'o-fe>^-ctt, 
iiij:<3*>MosFE T©:^*s, jm»vmmmn<o:ki 

^®L#i,ifiim©^a!)K:j;-j-cv,' (rmm^^mt 

?>Cti}mit$hi>Ay MOS F ET©f--f ^JUti • 5^ 

6«: L t l»(BmE©tf ^ot-^ ^>mJi^•C t :x - x©^ 
»r:;^&?rjlW-r.SC<tlcJ;0. m-Ct'S. Uto. c© 
hUSVi^tCfflt^SMOSFETB. S«Sfi^Sll©K 
?S=&il>^c<-r*fcJ?), S16 (a) . (b) ttcitmi 
7 (a) . (b) iC7riUcm&iX.-ri,Cti)mtUK 

[0 0 7 81 swmEv,. V.' oMf-icit. mmtco 
i\ cntt> V,. V,' ®jSsjijgK:st-r.5-f >f-ic> 

•S, Itlc. S15®J;^i(c. V,' ®iei^ 1 2 a *i^t? 

=&n-r^<omsitiimti>m^icii. mE-; s ^ f ass 

[0 07 9] »liI3g7a. 7b«, ^tl'etiV.' *^ 
6mS£IBtttl:'3©Atl,»mEV.x. Vi,?:<'P^. C©V 

v..) ©Ei^l 6*SV,' ®Eiei*s, V.' ®E^12a 
i3SMl/ri>Si. 1 7a~l 7 cK^Sf J:^fc. iBiS! 

-7'0*iJ?f*n (OdB) J;0}^fft,^iilS§B^tiU, 

C*x4l»±T.2)yc*(C«. V,' <!:SJfii®MtCC 
c,~Cc^J:0^>^-^>:*:#^J:=^^^'^^•^'^'C.,, C.,?r»A 
;l'-7'©ifiJf#*+»/h$< (fciAB-lOdBW 

[0 0 8 0] cc-cfflt,i.5+i"''!i^f ©ll^:^ffi®-ta| 

*ll20(a). (b) K^-r. 112 0 (a) liU-ZT 
'tJm, 112 0 ( b ) «*iffi0T?*S. 0*. 1 0 1 « 
PBO^mi^&l^. 1 0 2(*NBO':):.:il'. 10 3«N 

1 0 4WT-<VU— >3>ffi©S i O.. 1 
0 5 «y- h i|@»tffi. 1 0 6 «y- h i Aj: 5 pi^^iy >; 

3 > u < 1 1 3 «^ra^ii> 1 0 s {tw^m 
m. iibit^mm. 1 1 eBa^^i^har*?). + 
ji;s©MOS+•^"'^•^^^^^|a)Dcfc^«:. y 
- ^tt»)S*«3^•c. y- n 0 6 tm^mm i o 2 

»s?fa*sse>n*©*!!|#8![-c*s. fct^L, m-^ou 
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[0 08 1 ] 1611)111387 a. 7 b(D-S|3g:^ffi«:a2 1 
(a) tCTS-To 0*. 2 ni^ttJaigSrAO. MOS 
FET • Q,,-Q,,;J^>6^^o 2 2{3:ffl;^S'C^)0. M 
OSFET • Q,.-Q,7;!/^6)S'5o C.t3:|gtt@SS0* 
?w (-^^';ri/-tU<tiSi2liISS) ^^liWtcioo 

flfe:^ic(iffi^;K7&>6V,, (V„) :f&^!liii$nro^ 
-5, t/c;(|ior. C(DlPlffi«Vti (Vt,) AW/ CCii 20 

W^^>^^^a^\'nh. 23^^2 1. 22*^e^6®S 

r*^o MOSFET •Q,.-'Q,o«. UttdlSJ&i^^rS 

^TEAi<SK;b. r£ttfb{i-^</>/ ((^>/ ) j^^ffiu-< 
ti (V,,) tmAy'd-^^yT-^Uh. tfc. cot^ 

ffl:^$tiSo mmm oo-miimim i (b) 

^^•To c(DiiiKr*>. m^itm^<t/ f)mu'^)i<D 

[0 08 2] fia(DJ:^CC. igttlElffi7a«V..*. 7 

Sg-C«. 7 ctim^cffili^tan. 7ai7 btipe^UA^ 

tjih. cn«. ii^gi5mis^E«:ii«anJraLT. 
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- FiatSEVcHteJ:iy^»fiSEV5,?:ie4*r^<0:cfflCi 

eti^o ^cr. Wc»^ J:i^v,,comKu-<MmmB 

mtfm*.' . . *3' *5J:cxf-;^Ffi^TEO 
il'MOSFET • Q,.. Q^^^m^fiC$mmiKm(^t^ 
[0 08 3] igi(jiHiK7 a i 7 b t\t. mmmmmM^ 
a <b 7 b p F ) m^mmm 

\mhtj:i.K fctUt. 7^-^seil*:0gfi*O.3p 
F. [5lB$tCSi)f^T'6-fe>XT>7'CD|Jt^8 1 9 2<!:T^ 
•&ttO^Sti2 5 0 0 pFCCfeJ^j:^, ^(Otc^. 7 
a. 7 b(Dtll:^MOSFET • Qj.iUtii. /cix.^^ 
^ + ^JI/Iti/^1'4^;^S3&^3 0 0 0 jLtm/1 .2 jLtmS 

(OX. ^C[>ai*MOSFET«l 0 0 iLim/l .2 iini 
[0 08 4] Si^lslSSl VL.iV,,<b(DIH±M?&^ 

Qs«N^-f^;UMOSFET. Q^tS i'^>'Hv!0 S 
FETT^-So N^i':^;l/MOSFET(?^L#Ci^iImE 

mmom^xha > y ^ a? >;^<Di:b®[W/h$ i^mo s f 

[0 0 8 5 ] >^';r U-2l^tC«, MOSFETQ 
7-- FlSWL, <f:7'-:$'i®DLi iO^^.^ieg^ n^C^ 

5>is?Cw,<^>-«PL (7*u-F) ^tt^smsfe^^i^'r 
coitE©H,«S*^e>«. -^-tyru-cDitiif^^E©!/ 
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[0 08 6] 7-KF7-Y''-«3 Hi. 0'?7'3-i^'3 2 

*S„ *^iSt^-C«, 7- FigliE?:^* 'J TU -©III 
CPmE (CCr(3:V„ = 3 .3V) J: 0 fcil5< T^). 

& 9 - h-®#E*S*Sffl or c dxtj^om 
^Jtt. jt^tj ■b;KDSgSE*:;^S < t? 1 5 c i -c* 

EVc» (Vc«>v,.) immstitco-vmi^m^-r 

i. 10 
[0 08 7] ■fe>XT>7"3 3», f'-^^itD^/bM 
mi^mntcllXOm^-C^*). N5^^':^;^M0SFE 

*;l/MOSFETQ,,,, Qi„*>e>(iJ67 U y:^7D 7 

•^Jl'. /0s*<SU-^-'l'<tl/rMOSFETQ,,,, Q» 

[0 08 8 ] f'-^'i^T'V^^t-vJlHlffiS 4«, ^*'J 
•feji-^ai L {Cits: -5 r S-r - iJili^SrBlfSomE V p cc^ 
j£-r-£.fc«>(DliK-C*<b. 7'>J5^ + -i;'ffi^*p4Eia)P 20 
•r.SCi«:J:-Dr, MOSFETQ^.-Q.^A^iSjiy; 
SSk:«:o. f=-ifMDL,/DLi©mE«V,(c^l,< 

B. ^*';7U-©Sj|i'pmE©l/2. -ri&to^VL./ 

2k:ts©*JM*h,>. 

[0 08 9] 7=— Jf«ijHRlHl8S3 5B, ^^Af'n-ir' 
3 7©ffl;^<<)„*§W-C, jijWSnfcf'-fi^^rMO 
SFET-Q.„, Q,„*jiL'-CAai;^i^I/0. /I 
/0«C«iBlf SlHlKfC**. tj^A^a 30 

- 5^ 3 7 «Sg{C 1 fi/cl-tEg L . -e© ffl:^ * , s ?rSSS!© 

- ^'•©■SWBB«<S!a«c«^-Cfe 

[ 0 0 9 0 ] $lltt«^-c«. •fe>;^r>:?"3 3. f'-f 

^:?''j9^+-i?iiffi3 4. T'-^msmmmb^:^ 

B. 33, 34. 3 5?r^^*-r.2>Ci«:J:»). •e©d^W 
^i:iSMt6<0t^^^V$>i>. ^(OtcA), ^t'JTU 40 
-i33. 34, 35i©racc. ;^ -l" 

J;Df*5„,ccj;ot:$iJiJ$n.S;^-f v ?il3S3 6 LteJ: 
CX3 6R*Ji9:tt6tl-CI,>S. 

[0 09 1 ] ^'f>T>7'3 8. "f-^^tl'^vVy 3 
9. 7'--^^A:^>'^■77r 4 0, »jii^I18S4 1 «. f'- 
f®Affl^)©fc«>®li!S-C*S. «dil/©»^«. 

:^r>-?"3 3{c^-;'9-snri,»S7=-i'3!)S, Attl;^!^. 

f'-ftll:^^«S^^Dont^ca^:t)$tlS. Sji*©Ji^B. 

f'-i'A:'3*fr7-Din*>6A:^Snfcf'-i»*i. f'-i'A 50 
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;t)/^•^f■7T4 0. m*ilK4 1 ^^>orAttl:^^K:s: 
SSn. §e.K:f'-i»«|)SJl?lilliS3 5. T'-i'ill^rjiU 

^{C. 38, 40. 4 lBrtgii^^®mEV,,■Cli)^'P$•^^■ 
^fa^:;'3v^•-:,7r 3 9©*«. il-gp-f >$7 3:-;^ (cc 
■CBTTLa>-'^•?•:/;^) ©tP^±. i^am®mEV„ 

(=5V) -cKUfsnTt^s. 

(0 09 2) t3't?7KU;^>''<2;7T42. *-5ATKU 
;^/<»7t4 3B. il^SST Ku:^<i^A*Sttt:. -en 
-enO't77'=3-y3 2. *7Af'3-a^3 7(C7 KUX 

«« W*«aHi#/RAS, /CAS. /WE%SW 
T, ^*';©K)mCi£>i!^c5r^ 5 >i^(i^?:^4-r?.i] 
cn6©|5iK4>, i^g|5iiiimE-cv,,-cili<'p 

3-tt-C. •<ieS;'3©lS?lSil!!if'g®g^{b*a->-C(,^S. 

[ 0 0 9 3 ] "7 - YmMS-mmm e w. WjBoj; ^5 

SSr^S (^©^•5{cc©SE«x-Y ?5^lilS§-C*)<Se 

fflstis) . f'-fiS-?''j^i'-j;'aEs*iiiss47 

tt, f^-$i^:7""J?- + -i^^EVp) (CC-CIJI.65 
V) «:^4TSI188-C*S. S®ma^@8S4 8«> 
5iJ«^*««K:Enflirr-5mEV.. (CCr«-2V) 
^fSHSS-C**. cn6©liSS©«i!l(3:> V„-cti/j: 

[0 0 9 4] >^tC, C©DRAM©MtHL/©J«^©I()f^ 

{ooQb]mmm (/ras. /cAstfetcjBu 

f-f«DL. /DL*sv,{Ciafi£Snri,> 

S„ */c, 42>;^7>-/|giaifi^*s.«. *,.pte<fc(>'A 
ai:^)«i/o. /i/o*>v,{c7'y?-i.-i^3nrt,» 

S (Ctl6©-:''';9^-t'-J^llll8ttHl SKB^Sn-Cl* 
nclO . c<D\mv\t. HE'; 5 ^'*©|g«jllSSritt<b 

m^<D'>1r>, 4,/ <Dfyi)mu^Ji ( = Vcc) . */ , 

s/c. ^i^iassi 54auTV,.©u-<jufc^s 
n-ci>€). asS^fi6;/3*JAti»3!>5j^^:;'jfc^*t>7 
a. 7bB^^r5tt«;!^'r*?,. C^-r.5Ci«Cj;0. ^ 
«|i^©?Bg«;^4<S?i-rs c t *5-c* ^, 
(0096] /RAS^JiSK^I/KliSi. ttMSim 

m<Dmmm^imim^<t>^' mi^^n (=Vcc) 



(14) 



25 



Vi.r*^>*^i, *5„i©U'<Ji'3!i5Vi.r*st> f'-i' 
iB©«EJgiS*s Vi , - V„ KfiT l/> -eoJS*^ * 'J -fe 
il'©SSmE4>Vi,-VT,K:fiTU-C0lJ^ (Vr.liN 
^JbMOSFET • Q,2,. Q,,,©b*(,»tim 

[0097] a-iJTKUX^'Cf :7T4 2te<i:0'o 

jURSti, -e©mE*!!Vc,«:!is. wL,±©s^*'; 
wktfi^\tth. 01 8©i!i{'fjgffm. ^*viE;i'©+ 

fcJi^©p!It?*0, 7=-*«DL,©mi4*ito-r3!P«:± 
^L. /DL,i©ffl«:Stt^?r3feOr(,>S. 
10 09 8] •fe>;^r>7'©tl;f¥«:5t4-3-c> j<*';r 20 
u-ffl©|gISi|3I!fgr§tt{b{i^*/ *5iSiix-c;i/ ( = 
Vc«)«:/j:«,. littllK? a*ir£tt{b$ 

( = V„) . ( = 0V) (c 

C*lK:«fcO> MOSFET-Q„., Q,3,*5«ji 

fi^DL,/DL,ffl©ja/h«:«{4M*itiili3n. 
(@23©ti^»DL,) BVotC. ffi:^ (02 SB/ 30 
DL,) BOVtC^cS, 

[0 09 9] /CAS*5iSKJWK::rj:^i. *^A7K 

©T^-^iK^sjilRSns. cnKJ;!), f'-i'i^jiWfi 

^*,,*iilrU-^-'K = V„) {C%0. T'-'S'imVM^ 

-f>r>:/38. f'-^^til:^^^^'■)'77 3 9%/j-ur> -f 
- ^ Wj^i- d ontfc ffl:^ $ n 

CO 1 00] /RASj&iiSU'^il'tCKSi. Sr^-K 40 

*,*S7C©U'<JU«Cffl^S-r2>. >*V7U-ffl© 
lltt0!S«tt<t<t#*,' BCCr(SU'><;K=OV) 

ik^-t*,' fclgU'<JU ( = 0V) «:/j:"5. |g»lsI?S7 

[0101] \:x±.<Dmm^h^hifiUiJii^i^. m»im, 

(c©*iiIlx'<;UCc)S:S. ffeist. B-b>;^T> 50 
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7'©Kif^Bg?&itir*>e./R a s ajiisu'^^I'Cck.s *-c, 

</>,' B/RASSfcB/CAS*ifiU'^Jl'CC*S<!:* 

a. 7b-c?s«$n.s^:^©fiiSAi|i^-c**. 

[0 1 0 2] W±KiWL-fcJ:^(c, *|U®£f9CCj:nB> 

^IsIS§«:fPSCi*i-CtS. xWN>X^>hJg©F 
E TI51±©^*-&-&SC t Bt'T''; -i' 3 »&ix> 
>'^>;^y > Hg©F E T©#tt4^-liS C i J: 0 fcgia 

*s. Lfc*j-3-c> /ciABBira©>*';Ls i©mE 
[0103] im2tf)i'--f: ar, mmi:^mvx:^ 

7 > i^;^ f ©ffittJi cc-r c i (c J: o r 
[0 1 04] *"r. ll2©i';l'-7'©«*«{Jg:«:SiWr 
[0 105] @2 4 6C:$^ifitWiSr^-r. Htf> VL*ifll 

E'j 5 y ajHss-c*!}. 9^^mmm&.y .^-h^b^umm 

mEV„~V,, («T. V,, (i = l, 2, 3) iL-C 

4^s-r.2.. «Ev s ^^sssvlb, 

tiE^ll8SVRi|g«liaffiBi-B, (tiTB, (i = 

1, 2, 3) b\^x^^mth) i)^hWLi>. mmnK^t 

ligSVRB. J1-gpmaimEVcc-f>iaSK:j:€,^Si)*s^Ad: 
t,»S5£«:mEV,«:»^L/. SIESIllilKB, (B.-B,) 

B. V,^fe<!:«:liijiE|gS!lt6;^©;»^lrC»mEV,,?:^* 
-rS. ^^ttilSSB.B. !)j|j§tt»§|gA,<!:ta&MAIsl!^ 

C, ( i = 1, 2. 3) 3!P6fiS«. Z,~Z,B, «E'; 
5 i/lPlKVL©A?^iite2>*Ji{*^lll^©lHlS§t?* 

m^x$>^, 4>/ B. •e-n-en*,-^'*,^!^ 

[0106] :^miim<om 1 ©!Rf8![B. mE 5 i'lel 
K©ft?af<!:^Cirti|5|slK*Z,-Z,©3ffl©5^«ll/> 

ntciED-cmE'; s y i^IslSSl^WlEIillSSfeB.-Ba® 

H!5cc. ^mwmmommit. nm, mm. a 
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[01071 ^mimmtiumt Lxit. w^ttiTs 

[0108]® sctttSi^igatt^iiifc^sa-rs 
m 

10 109]® ©iSf<D^#3 (?^«a8iE) tCjCoT^ 10 
[0110]® ilSS®«l<'F5' 5 > i/(c J: oT^fJ-r 
C 0 1 1 11 ® |B1K©*»{*5^ 7 :?"rt©^fflW(4a«: 
[0 1 1 21 «)S0!}^S(cj:or^l/ft:)8^». 

(cffio-cigttiigSB.^B, i^UEa-ra c 1/ 

[0 1 1 31 $llitiin©m2©!|$fi». SiBUHSSB, 

cc. ss^'^^ffli-r s -f 5 > i^M^*, ccmwbfcm 20 
<§E{b-r.s. c©ci». mMJ*^6^n«, nm-< 

SA,^{4tM«llSgC,©lHlSSSI^?r^ib§#. ^{Cfi 

(^©laif'P*- Ktc^ic; tfc^cc-r* c t 2.. c 
nic J: 13 . ?S{c)ffi|()lHl|{S©»f'? *S5£{c-r S c i *J-c # 

6. 30 

[0 1 1 41 ^mmm-vit. nmm^■^z,<o 

5. -to/c*. MimE%4lHlif8«Hi/cl:fia:W, -?■© 
tH;'3V»*^«)il8SB,~B3-c^tjiK<s6fflL.ri,^S, ft 
iSfllKK: J: -^rHjff mE*i^^£ •SJi^B, 0 2 5 ©J: ^ 

[ 0 1 1 5 1 H 2 6 ic:^^m<Dm<ommmi7nt, *ii 
a (cc-c»2<i) ©iig«iiiiK«rsi:f. -ene©ai;'3?: 

Z-i v9-vm!LX<,^iCiVif>i, IBHlliSSB,.. B 

„cc«-en€'n, z,®«imcpi^t/ci?-< 5>d^m■^• 
B,.. B„©tH:tiv„,. v.„©^%©-:^f*i. 

. . i)mmt$ n, x -f 9^ s w« v , , , witc^i^s n 

«. B,.*s^^m. B„*JiStt{fcSn. ;^'fv?^SW so 
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«Vi„ll|K:gi6^$n-2), f^ct)^, 2fi©igKililSSB 

„, B„©^%©-:^/cw*ifl[#0ssz.K:i*3g»mm 

SICCUS. 

[Oil 61 @2 4©^tai-CB. fti^©^si)K:m-r 
IB«l@SS©ISBS3@K%^^*<!:l,>5:*^«r» 

-Dri^/Co fH§f©'f>b--^^>;^*«liifP*-K 

WC«18f6S!©«iff*- KT?c€{c«ifP$^f * C 

[0117] :^m&mvu. mititj:{.>u(Dmmmm 
ms$titji\.>y](oimmm\t^^ y9iicj;i-oxm<om$ 

.fco-Cjgiblllig©^:^^:^^^^^^^*^. lEWllllSgAS 

[0118] mzAow^mu, mmm^^m^x 

t, ^ S /c&tc, i^ggpmj^-m V . , ~ V , 3 ©H KSfi©^*5 

*SfiiiiSz,-z,tBi:iaifcffi#©ss*i*sJa 

02 7^ccn^K±•ra-:^^s^:^f. 
©fc». ftig|teJ:Df|g«ili!8*2ffl(c^U/cJi^Cco 

OT^L/T*!). :^:||iS^-C«, 2 fi©rtg|JmiS^EPI 

-5r«iKorc^.5. MOS h'5>j^;^5f©u*t,>fii«E 

«:V„<!:-r-&i. Q.«V„ - V,,>VT,©i#tC. Q, 

o-c. Vi,iv„i©is©mtt^wv,„fetrttcffi;rcn 
[0 119] i^gi5miiSEi5]±^s«s-rs:^ffiw, 02 

7{C:ir;Lfc4>©(CPg6n*5:t^. 02 8 (a ) - ( e ) (C 
(,»< 03!o©W*^r. «fcWfii&:^«. ISIS (a) JS: 
1>U (e) ©J;^{C. ffi5t*.5>(<H*l?iiSqKS$i;4*>'j: 
•tt.5«^=-{Cj:o-CSi^-rS:^-C*<E>. Pia (d) 
S2 7i|5I»{C. F«3g|5S«^[lll©Sfii^!!>i-Sfii*ffl 

„iV„<!:OK©m<iM(3:. 'SlA:i-V<r>t>mTim 
KmetiS. PIH (e) »> miSaAilfttcCi^fiSu 
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(a) - (e) ©5%l><-:33!P4ffl^1ffcS«S:Sffi«:S 
[ 0 1 2 0 ] Scte. c c-ca'^fcSiKi^^tt. fiifflffltR 
[0121] S24~S2 7-C«®m©/c«). 

KW)^|5«ftS®{cteW5«!gf«02 9«:7S-rJ:^«:. lo 

~z„©ji^*^p)-e-n-en»ji**H:fcii^.. c^-r* 

ciKJcSW^its:. ffiiS©-<>f-y>;^«:J:SrtSPS 
iSmE®ffiTSP^ffl«rt. |gi!)lHl»S*^6aufti5©«) 

[0122] ['MSiitig<!:fi^tBMmiHl!lg] 
W{cffil,>S©(c»3gfj:»jI«itilliflr|Bti«iI8S{coi,> 

[0 12 3] 030 (a) icmmi^msAi tmm{n 

i>*). M0S\''7>V>:^itQ,t'^Q,,ififslS.i>. 22« 

ai:^St?*0, MOS h5>i^Xf Q„. Q,,A^6fiS 

•s. MltiiiiHS2 i©2ffl©A:^JS-f©^t, -:&tc« 
^^w^rc* i mfm^mmmmm 30(b) k^^-t. 

ISm©fc*. :t<^*s*3*©^fiC,-c&SJS^?:7nt-C 

K©e*3>i^i'f r.. r.«-en-?niiiiitiii 
|g. Ui:^;S©ffi;'3Sta> c.«ai;^S©A^S« (Q.. 

[0124] commomum'^^'&ms 1 (a ) . 

(b) 4fflt>Tiftw-ra. *-raffl««4ifis«ct»ti^ 40 

Koi^-cas-^S. 03 1 (a) Wfiffl«MRIi!iS*s^cl^Ji 
^©^ig^*ffJ»©5aa^-C*2). a«MtttiliS 
2 1©ifiJ»v,' /v,. bWai:^ia2 2©Wf#v./ 
V,' . cWi^^©ftJff v,/v,-C*^. a, bw-en 
■en. f,. f.!&:5Jii^r6dB/oc t©«ll^-C(S 
Tl/»&A*. CCf. 

f.= l/(27rC. r,), f ,= l/(27rC. r.) 
T*^. COtR|-CBf,> f .-CASjO^^. ili^©>PJ{#c 
= V./V,». SS{»!6if,€ra;tSt6dB/oct 
•C. SeCCfiimSi 1 2dB/o c t©S(^t?(5 50 
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1 2dB/o c tt?(gTl/J&tf>S* (ccr»f 
i. C©^f|:*WcSn^£l>C<!;*s^t<». 03 1 (a) 

[0 12 5] ccvmmmmc,=&mfi>t. ^ 

m<mi)m3 l (b) ©J;^(cAd:^, tfj:t>ii. 

P». Z.. P.,©3*^r5ftift*J^ft:!mt{c«:2>. 
P..<!:Pj,«'J<-.'l'. Z.lJ^.-^iii^tfn^^r**. 

[0126] f„= l/(2 7i:(C,r,+C, r.CaR„)) 
f .. = CC, r, + Ct r,C,R,)/(2 7rCiC„ r,Ro) 
f,= l/(27tCoR„) 

c:©0*>f>W6*>'SJ:OCc. f^^mWi^mso^^-ii 
Ji»!»f.©ja«?«:89:S-r*ci(cj:-5-c. -J-JSci^^c, 

R„^C, r,i1-.5Ci{Cj;oT. |g^©fijf#© f ,Kte 

)S«»*«f..!&ieiiL*i6dB/oc fC> $e.(Cf„ 

^mx.6t 1 2dB/oc l©f!)^-ClgT-r6J:'5«CJi 
CCt?> Co = nC«r,/rj, RB=r,/niOr 
n?r+^:A:t<-rn«. f f „i=&+^|»-rc<!:*J 

[oi27]H32 (a) mmmistmmm^ 

i i ©lffl«:+ + if Cr «:»A-r i C i «: J: o 

r. (4tSffl®?:tf-jrt,iS. C©lISS©iiji?r*^t:f%l<» 

i*©/h<i^^?ffiii8S%@3 2 (b) tc. -e®^iei»ifiF 

tt403 3K:^-r. C©li^B. ^lSiiS©*©fJ» 

P„. Z,, P,,©3 ^gf-C^nfflAs^fci^tti^f 
4. C©Ja^*)Birili6WI<!:|31«> f.^ f.iJ&r^xfc^^C 
taiSb. f„i f„<!:*+^»fC4«:J:ot:, ^gjiJi 
iJig«S«{t-r.5ci*i-c#€>, *^iswi©!^8![«. & 
fflffl«ffl©+ f /^•-> i! c , *sJf »iS©A:'3 i aj:^j i ©ra 

W©»m^«JiJ;^^<«:'2.cir*^. b:rc*3or. Jl 
Sg©lt«Sfi*iJ:t®W/lN$ < r 4>(4taJi«*tf'5 c i 
■c^.5©f. ++>'-:i^a'©A*®ffl*fiaS-r^ci*sr 

[012 8] CC-C03O (a) ^)L/<«03 2 (a) 
©t![tBli«leI38«:ffl I, i S + 1- >> ^• -> 51 «: ot, > r sttH^f ^. 
c*i6©+ tl/rtt. 0;Act< 

(Difi-^iWChh, S3 4 (a) «:ji:^©CM0S7"a-fe 
7.xcti^W^iri>--miimlr. Ef. 1 0 i «P}fJ 
<D*2i»SS, 10 2BN)^'5*JK 10 3«N't£IS! 
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1. 1 0 4«r'fVU— >3>ffl©S i O.. 10 5tt • 

a:^©Mos++>'';->i?ti3)i;j:5tc. y-vmmi 

0 5 %WS^t?. y- H 0 6 4«««ffi l O 2 a i© 

fi*j»6n*©*s!^Sfc*€). fc/cb. ji:^®MOS + 

(b) *ffli>TSi?«-rs. mmt^^'^i^^mmi> 10 

r£*so-c. y-niii*ijE{ci&:*j;9K:-:»(6j©aE3!UEn 
c»^!^*s*.s. «i:&isi©mE*5EnJjnsti^6ti#«. 

034 (a) {CS^Lfc+ + .'<i^^f42fflfflt,\ 1134 

(c) ©J:^>«:m»«cjI^iSjK:j|^Mi^rntfJ:c^ 
[0129} ^:||^S{^©+■^'>'^•'>f 4f'PS©K:iiJ>S;teX 

i^MJfJfiE. y-hm S:ti{)SJ^fiS. te^ty^lHiSwS 
xgr*.i>*5, cn6(si-=>-rn*>a^©cMos:/D-fe 
;^{c$*nri,^.2>xfi-c*s. i/fc*i-:>T. CMOS 7" 

[ 0 1 3 0 ] *l|BJ«:jiffl-r.2>#«i*^g«CJ:-, 
^ * -b^l-W^^^ + ^^•-> if i b r ffll^fcD A R M 

;U • • V y -J K • Xt^- h • » 1 5 

||4#, ^6 6 lM*>6m6 6 6H. 1 98 0^8 
^ (IEEE Journal of Solid-State Circuits. 
Vo1.SC-22. No. 3, pp. 66 1-666. Auq. 

1 9 80) «:ieiE§nri,^e. 

[0131] [m9,ESimm •"XKi. :^mia:?> 
«Ey 5 y ^i|pIS8{cffll»-5.©CCigUfc»ji^E^4lili(8 

[ 0 1 3 2 J 5 f ©hj:^iiev.«. »iiSE 
v.©!m44ffi;tK:i9:SrtS. **<*SgKtec>Tm 

Vc.0<fftt*i!|t{C«g-C*?.*»6, V,©Vcc«<??t4tC 

<?©awicitvi;^c!itttt^i-e©«^t;a*s. itBisss 6 - 

57 1 43. !HfSBB56- 1 6 8698. !|$l®ie5 7 - 50 
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22 00 8 3. ^mmdO-2Q 12 13, #^B86 3 
-8 37 2, #^ag6 3- 1 25 742, ^l^a#i<F^4 
1 0 0 4 3 7-^Aj:iHcK^n3nrt,iS. cn6©lHliiS*i 

[0 13 3] 02 4~02 7©*StWlt'(S. StimV 

.4it®|g|lil5i8S«:A:^i/ri,>fc, b*>i/. ^^E^ 

■SWaJmSlMEiLr^^/jtffl-C&SitiEe^Cl^o C 
©Ji^«mE©^*5i£^«:fti, */c. tl^tcJc-^T 
W. »!iSE©»!S:^n-b;^{ca:*«e.ot?:li8«-r* 

iiE©^*i<fco' h 5 > i^coyjmt l 

•CIS. BiIiBCWH:a!^fFll4 1 0 0 4 3 7^(cieiS3nx 
[0 1 34] S3 5{c|HlSg04^n-r. Hf, DABMUl 

m.mm<Dmti) .v.- *ia;ti«E (iKa!)iiK©A:^i 

i&S) -C**. DA©A*«^©-:^«:»> V.*JA 

i|iim*5+^;*ct i^i-rnK. ai;^mEv.' it^jc^-c^ 

[0 1 35] V,' =((R. + R,)/R:)- V. 
CC-C. R.«QM~Q,,*^6fi!i;^lHl88*^ffiWK:}5tn 
i*aUfc4^r©tS*i«i. R.«Q„~Q,.*'e)fi£4l3 

-X^&^K-r*Ci(Cj;i3 R,. R.*s^*3&©-C> 

V.' 4iiis-rsct*i-c*s. 

[0136] :i:(*&«J^J h i; 5 > i^©:^^5r0 3 6 «rfflU 

■cittwr'S, c©0tt. A;'3v,<!:tii:'3v,' tomm^ 

C»it©!KFlfr*-5o t;x-XF.. F,. F,?:)BK:^ 
W-rSi^ ±IBRi*^A*<«t-5.©f > c. b. af^S 
■rj;OCCV,' l,m<t£i,. ta-XF,. Fi. F.?:li 
(C^Wr ■&<!:. ±iBR,*5A#<'5:S®-C. e, f, g 
■C^-rJ:^(CV.' «fi<^cS. UcifinX, s-rv,5r 

tai'Jb. lai 3«:m-cv.' *jg*>ssffiv,.' ccifi< 
ntoti©a«t*. ^M\<^mi-c\tf>-o\,^xh, v.- 

3!)i*i,®Hrtv..' ±AV,' K:A-i)J:^«:-r.6ci-c 
^©fc&cctj. H*K:iK«-cinl/fcJ:')K:. 

= V..' +AV,' {C;5:Si§«:. -eniK^-T-S h V 

ii^ifum (tct^iih) mmtztv.' =v..' 

-AV,' cc/5:€.J:^{c. (iffi^Si! (SMOShv^-:^ 
xii©g^ + 4^jHi/f--i':?.ji/g) *ji^■cfcw^3:.J:l<». 

[O137]037tChiJ 2 > yiiSg©f6©lliSmin 



(18) 
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tc, ta-XF,. F,. F.*)iaK:W»Tfn«J;i,>o s • 

i. C©Ji^B. S-rta-XF,*^»il/ (CCDI^^ 
VXm^mm 3 e ©h od J: ^ Jc^t S J; ^ {C1ISSS» 
4S^■Cte<) . -XK-F,. F,. F.?:)iK^»TU-Ct,i 

[0138]ia35*$J:O'S37K:^ btcMmt. MiB 
*H»M'KiBlS5n-ct,>4iIKK:tt:'<t:. aS©MOS lo 

tri-Cli/cOCC^Fft, 03 5teJ;c;03 7©lilSg-C{SM0 

s h^vt^x^^^fflc^ri-^-s, ipisg®?sgmfiS5:<ai«-r 
wavmmmi<o:Kti,^m^*^n^n?>, tctcb. mo 

S h7>i?x$%ffll,»St. *©b*l,»ffimE©^«: 20 

^mm.^<D§fW^mmb. $6cct#i<^fiiisE©«6 
o#^}^>mji^■cb * -x©^»t:;&a4at)?-rs c tec 

>iJXi»Koi»T. 03 8 (a) . (b) iCj:-oXm^ 

■rs. irai©J:'5(c> #hv>i>xiJ©>'>'f e^y-h 
B. SfiSfi^«i©K»4ffli*-5ft:*K:. -en-eticy 30 

OW^«v 03 8 (a) K.TfktJ^'itjiP^^^fmOS 
b ^Vi^X 3'=&ffll,»*i«J:l<». S«#iNJf5©JS^B. 0 
38 (a) {C*Jt,^-C^®fJ?:-r'^TjS!CCLfcN9^i'4^Jl' 
MOS h7>i?XiJ4ffll^tlBJ:t,^ 03 8 

(b) ©.t'JK. -8©'>x;ufl|jS{cur. J^W®-;;* 

jn 1 2(omiiL^mm (.cc-cittm) -r^ciKj: 

[0i40]i>c«:. h'Jsvi'iaiSKiffliiSta-XK: 40 

•0\,^X^mt^>, t^-XiL/Tii, 

ya^^ci'. *^(*^^>;©i^M^«:ffl(,»6nri,»s 
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[Or41]039 (a) K:V,*>6V,' '^©^gSHSg 
©f6©llli^*7S-r. 03 5*-2)C^i03 7©IhIK<!:© 
m*«. P^^ + ^JUVIOS h7>yX3rQ„*jiJnJL 

/cCi-C*S. cmcj:9. a;^^V.' ©it:*:fflB 
v,c- I v,p I (Vtp«P5'i'^o1'M0S h7>-:^x^» 
©i/^i^iasE) KW^en^. c4i*03 9*ffl(,>-c 

C©0B. V.iV.' ©Vcci»#tt%^l//c 
^>®-C*.5. 03 5$)Sm3:03 7®!!^^^, Vcc:*^ 
fiC^i#V,' %Vcc-C*.5. b*^L/039 (a) ©ID 
K-CB. Q4.®i«)nK:J:»3. Vcc*m>i!rv,' =V 
cc-lV.pli, I Vt, I ®^J'/cl:f(£<Aj:5, 
[01421 2|i^0i|©fJ,-^B. V^^SjimttfPtm 
(fciilBBV) J:«)*>*>*»)ffit,^4# (!fc<!:^»*3 

V) ®. rtgi5miKmv,®m$^a*ut<^ci-c$) 

6. Ctl^03 9 (c) ?rffll<^-CittB^T€>, C®0B. 
03 0 (a) 4>1/<B03 2 (a) ©fgliilslSgK^Jl* 
•C. Vcc*lfit,>tt®a*«EVii««K®l«ICS©- 

fiair*-?). V,' ?rS^-r€>®K:03 5*.2>(,iB03 7 

omm^mi^^tcm^it. Vcc*m»i*«v,=v,' 

Vcct?* restillK®Ul:^iMOS h7>i^x$ 
(03 0 (a) ^5t<B032 (a) ©Q,J ®KU-f 

>• y-xHmE*ni<!:^^o•c*o. m»igKite;'3*5 
/hSO. Je®fc«). (*i^®?8gSSe) K*s 

V,' ^^^•r-5®iC03 9 (a) ©@K?:ffll<»ycti^ 
B. V.%V,' ^Vcc- I Vxp I XS}hi)^P>. KRbUSS 
®ffl:;^MOS h-7>i>xif® Ku-^> • v-x^^EB 
B«IV,pl (COmxUO .bV) icmL\.\ btci)^ 

r,x. ^ommwmmti'itmmA^ < . v,®(sts 

rte< c itcj: 0 . mE^t«=&Kifp-rs^|i^Wgg[^ 
®@!S®, VccJ5m^i^®ttfF*sj:0SSCC)S0. V 

[0143] ^fc. 039 (a) ®llSgQ,.4). otkE® 

h 'J 5>i'ii88©Mos h7>i;x$ii5i«. m^ma 

mKOtmin^itclbliC. 03 8 (a) . (b) tcjn 

[0144] [^'j T-p^ieg • mm ^xtc **?«?:si 
& ?>!>'KSJiimEv , -M^gpmiiamE V L (Dmn^mi^ 

C-rBDRAM^t^CcBXOilfSJjs. ^>%5^te©¥^ 

fl^S«:fc*^|«B3iffl?JfiB-c*S. Sit. cc-cas-H 

•512a • simiimt, i^L^mf^amLxi^tjums.') 5 
"-^ itmnic^bxh^mxAi. 

[0 14 5] 04O«:flE';5 ^»ifilK4DRAMCCjS 

fflo/cig^©, mtbi,m^msisj:umm(D-M^^^ 

0*. 1 B^(*9^ yy\ 2a. 2 b BaSifflMO S 

h-5>yx$-c«)!S3n-ci>s^*>;7u-. 3 a. 3 

b, 3 cBS2il!S-C*S. 4. 5 B^tl-etlSflfi V 
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„o. nS^5®S^EVccfflOD!^<■>f=-^>^'>'^•--' K> 613: . 

w^^E^w^. 7 &. 7b. 7c, iditrnmim 

•r*-5. 6i7a-'7dt«:J;»)^y5-v$|5I88*« 

fiKL/-ci<>€.. 7 a. 7 b. 7 cit-^ti^ti. mmm^s 

a. 3b. Sc^lBiilf ?.rtS|5miimi£V„. V,,. V 
^tn^ti). 7d«^*yTU-2a. 2b4|gK)-r 

[0146] m^mE^^mm t 

m6m.mt->f-<>i^^^v¥<mmc. mmmt 10 

■en-eh©m#iiiK©ia<fK:ffiatfcc<b-c**. ■eo 

m.^m -commm s . 4s j: ^^mmm> h^n 

#lHlSS*-C®rtSl5mmEiB«l 1 a~l 1 d*s^< tj: 
•So ttc, BH^l 1 a-1 1 d<D-^>i:--^y7,t£j:6 

i^spmaEVtx~v„©aiE^T!!»i2^-rs®-c. v 

[0147] *^{^©fc ^-o©!^ii{i. «itt^© 

©)Stiieita8?:i9:W?>o f&©@SSffi<!:Or«. i5i»9 a 
~9dSrtS:W.5. ftJii^ib. Slg«)lHl8Si-e©iH5|pl8S 
iB«ji©iS!TEifg-rS*i. fft©|gS6il8S^Ai?fgIffit 

i)K fte©|5|KKS«j|»4-^^.2)©*P;5±-C^.SCi-C* 

i, ■r'^-c©rtSRmsimEVi.~v,,©U'<;i/*5^-r 
s©-c. st»mjS6^i3iiigffl©^iiiBiK/cw»i:>-rffe© 

'JT P-ffl©SittE^*>ffe©«il&BEi^i»ilL-Cfc< C 

[ 0 1 4 8 ] 04 1 t,c^^mmii^uwm<Dik(Dmst9i 

^UtffiSSn. Se>CcSift*iJ:i>-ngpm®mVccffl 

)<tim^^yfA yiff^ -j i--©ja<55ic, wsm^i a. 7 
d «-?-n-en©mi5iiss© jfifi5K:ieg 3 nri » s , 

[0149] C©^ifit«©*J,^«. 04 1 1fif>mhtl*tJi 
S?miBmEVcc©^i!i^*55llKK:SSn-2)mijg©^(c 
f'^ y KiSll»ll«i©Pfl©iS«l 1 0*igl,»)t 50 
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*©^>b--i^>;^*J::^^<, *(^K©?«smaE 

(cj:o-cv„©u-<;i'*i(6T-r'5. ^>^•s^c©^5T^> 

,©u^;b©ffiT*^<C4*i*S. cinkcnbX^ 
mmx\t, VccSSSl 0©'('>b--y>X;)VjN$|,>© 

■c. ^©»:*:t«cft?5^*ssi-rci*irts. */cV 

cc©<ST{c>Ftfr4>?Si\ 

[0 150] H40feL<«S4 IJCtel^r, WmU 
MCC. v.. Vti«sii.g|j^jgii|£v..=fcSi» 

iur^^snstB^ti. Vccffi)»©«t#©:^**ra®cc 

^cS. C©W^{3:. S*iSE^*|p]|{8^Vcc'-i<'>7=-r > 

[0151] iftte. H4Ot>U<«04 Itc^L/fciSg 
• E«l:^i*K:*ji^r. SWmEV.^SWSE^^USS 
*^6Sllblsl88*-Ciei||0-Cl»§*s. C<DWM\2Vikt 
J/-;l/K«:JSbrfe<©*J||*Ll<». ^K^f*?^-^:/!^© 

[0152] 14 2 (a), ( b ) (C. i^-JW K^&itl/ 

fciBiBi©-iiigt«i©*n-en¥ffis*j J; i>mm 

f. S*. 10 1«^H^ftS«. 10 4«S!O.. 1 
0.8 {an 1 ©le^. 109a. 109b, 109c « 

ii2©is^ig. 113. \\A\mfs,mm. iista 

mmxhh, 109b*J^SIEV.©12i^-C*2.. 
■€-©)iH©1 0 8. 1 0 9. 1 09c*s->-iUKffl©iB 

1 09 b©T:^{Cl 0 8«:ia:W/cCtK:j;0SSl 
0 1 i©S!»S^KJ:SJi#i&Ri±T?*> £€CC 1 0 9 
a. 1 0 9 c*g:W?cC<!:K:J;^)^■r^>SB«l(^^^■ti• 
■r) i©SSife^{C<J;SJ«lf?:l»Jh-C*«.. S4 2 
(c) *JJ:V (d) ti. J^-;UK«r«it/:rcEiS©f6©3l 

mmxiiZ>, i$.w&mxu. v,?:mi®iei^Ji 1 os 

b-CSB^U. ■e©£:6 ( 1 08 a. 1 0 8 c ) . T:^ 

(10 6) fc J;uf±:& (109) (c-en^n^'-^u Kffl 

±:^©Sr^*aL/cSSiB^K:<t5»#«:*>|i;5 

->-Jl/K*sj;»)jaimW«C!jc*. 
(0 1 53] 1 (a) . (b)©J:'>K:. 3 

^fi'hlLliea. 1 1 6c. teJ:!yf;^;i'-*-^n 

17a. 117c ?:i9:w-c j^- Ji- mwm±^^m 

titf. i^-^i/KAs^^tCi&s. ae 1 (c) . (d) «: 

li. ^«gSi/';3»il 0 6*iV.©Ei®t?*-2,. •?•© 
T:^«:«'i7x;n i 2*5»fiEsn. P}^l£»®i 07 
a. 1 07 c. teJ;Cf3>f h?Ll 1 6a. 11.6 c 
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-rj&bfe. 106©Sffl?:112, 107a. 11 tn,^<0'Cib^xmm^^m<<^h£mifiUi^^Ct.^j^ 

6a. 108. 116c. 1 07 c-C||tJCi«:j:«9t' CXft^-f >f 7i-;^©SJ^{ca:»). 51-»SiBillEVcc 

-;i/KL-ct,».s. *lliSW®fJ*«. ->-Ji'Kcc^2€> rilgitif^si*T:i»s*J. ^>^^^rtSBll®^■c»^'p 

i3®)i%iseffltri,>Ad:t,^©-c, cn?:06 i (c)©i $Htr^>J:i,n 

0 94Cjn^J;^K:. ffe©gS<JK:ffiffl-C#2> C iT**. [ 0 1 5 9 ] 'JIJT K UX(Cj:-5-CjiJI?$nfcT b 

ens. fci^tfV.CDiBiSatteOEifiidiJ^rSSB -<09tifi1^mh, C©«aj-C». a,= "0" (/a, = 

5*{Cffiffl-rS©tC^X(l-C*5. "1" ) ©i*TU-2ai2 c*5iitR (2 bi2d« 

(0 154]/j:46\ ia±©a:^)Si^-Jl/K«:J;0. V. I^SW) . a,= "1" (/a,= "0" ) ©itTU- 
i«Jftt ©fflJC^Sfijiifl < *i. C tl»tf 1/5 WSU 10 2bi2d ( 2 a i 2 c ©tfc«4 «: 

\.>m^^htcht, C©fF4SfiB> V.i2i^©ig^j6 5. ^(Ofc^K.. SiR$nfc7^-ffl®>'^•;^X©**Jt^^ 

tc5s-ri-Y>f-y>;^*<a?a3#. ajsj^i^t i-JSto-^. s4 4{OT%-r<i:^(c. a,= 

t>toi^i-f*-^:/U>i'3>'f>1>-ibt: ■•0"©iff«. ajI/;^I64I1B81 4 ai l 4 cj^s^-f 

flKAiP.-c*.5. i/'-^u Fi^/cWTtJ, f'*i-7"';>y 5>:y^>-;i';^(<>,cc<i;0*,.. *,,*a:^LrT U-2 

3>f'>•t^iLr»mgfi*^:^S©lt^«. »iJ{C++-'n" ai2c?:. 3S!K:a,= "1" ©<!:#»> 

->^»<!:a^5L/rfe^>^5^$L'^*^^J^^l^ SSl 4bi l AA1fi^-<i>tff^)\'X<t>^i^i:n(l>,i. 

fctSm-C*0. U7!pfc±{C3^'^fcJ:^«:ir4g!a*sf'3!7 20 b <!: 1 4 c i-CffittHBS? b^&«Wbri»SC it?* 
'j-f<)>^ziy7'>-^tbxm<<r>xmtUK -e©:rci!!). 03(ctb'^-ci2i^*5^<!5:fp, IBi^W-C 

^mE^il88ffl©SJaBBS (04 0. lI4 1K:5^f >f-a^>;^*5/h3 < ^tO. CtiK:J:or^^-r-&*lt^ 

8©SP») (cgi^-rs©3Ji. f6©@K©ttfp{cJ:ot:« ©u-^ji/^m^ciAst?**. */c. S4«:th'<r. 

6m ma i>mmx mmo) J: >iicv,uw mmmmmumm. ctiKj:o-cf-y:?-pSWffi«i 

cc b-c^3n^.ti^«. -^-ji/KiSisvccic mKmt}<Dm.i)immx^ 6. u*»t>. -'■j;u;^^^iiss 

HS-r5:^!&JJ:t,». 14b<tl4ctWll^{clJ!t((f^0iS:C»©-C,.ffittlHllfS 

[0 156] 14 3K:liS8iBgteJ:i>'Elg©f&©ie!ifiea| 7 b« 1 i|cD/'v-JUX^^[iSg©**ll»)-cti^«J:< . 

SS. 7 a, 7 b. 7 ctt-f-n^tirtSPmjlSmEV,^&^ [0 1 6 1 ] ^^•^^X^^SSl 4 a~ 1 4 dW. fciA 
ifSliKlBK, 14 a. 14 b, 14 c. 14d«li 30 1*04 5 (a), (h) iCijkbltmKXmmxti,. M 

wmm<Dtiit)^mMibxmi'xms.mmv,(o/^)v:^ 45 (a)«:tet,>t:, 5i«, p^^-t^^jbMos h7> 

a. 2b. 2c. 2d«-e-tl-etl*P.. «„. * Q,,. Q>,tf>h^i,2AJ]NANDm^X&6. C(Om 

Mfc.fco-Cttf'p-rsaiiifflMOS h7>y;^f «rfflU/c^ 8S©mj!li«Vccf*0. A:'3(3:^' -f 5 >i'>'N-Jl'XtT K 

*>jru-r*€.. cc-ciJSJ»mEI6^lllSS u;^m#a, (*/ctt/a,) rft^. 52«« P^-p^ 

«. i2t8*^Lr*i, 04 4tCCtie.©lII^©a!)f'P JbMOS h7>t?:xf Q„iN?-f ^JbMOS h7>j; 

[0 1 57]*||ig|?ll©i|i3i(*^*'J9^-^7'l(C»*- a,*i"l" (m(4Vcc) ©<!:#(C*t*5A:»3$<t, 

©ii-gBmismEVcc {fci^asv) Asenftisn-ct,* •s.i, rtgp^isv,©}]!*!©/^;!'^*,*^^:^^^-^. it 

|gliliISS7 a. 7 b. 7 c*^6«Vcc*^6|!4TS'& 40 *J. CCTWN AN D|plS§«i1-S|5mjSmEVcc-C«M^$ 

/crtSPmaillEVL (tctXiitSV) i)mtl$tl, •ttri^.S*!. F*9SPmj!SmEV,-CitbfP3-ti-C4><tl,^, 

X^4li|g814a. 14b. 14c. 14d(C-?-n^n [0 1 6 2 ) 04 6«. 04 3©*iS{?!|iCj:b'^r. ^Kl 

A^34l-Ct,>-6. *0r. A;WX^I1SS{CB04 4{C liS8©fB[?:S6CC HB«6 Ucf!r*2>. TKUX®^ 

^nf^'-f 5 >i/-'^•;^;<(^)Ti. T Ku:^fi#a, tiSttl© a,, /a,, i» -< 5 >y>'<Jl'X*,. tea;0*-'<;ux«,, 

/a,*iA;^)3n-C(,»5, ~*,.W. 04 3-C|iiBjLfcfc©4|aIi;r*<b. 

(0 1 5 8] aaHUSSB. i^gBTKU;^(i^A,%S [ 0 1 6 3 ] *Jlffi»lr«. 1 4 a t 1 

W-CrtSiJT KPX<i#a,*jJ:Of/a,*. il-gPSIMi-^ 4 b iTji!ai[s]8S7 a 1 4 c i 1 4 d if? b^^ 

(ccrtta-^TKuxx ho-'T'm-t/RAs. *7 n^n^twi/ri^s. -ew/cto. 04 sonss^dJcif^ 

A7 KUXXha-:?'/CAS. *jJ:CXSji*x^-:/ IS«)IhI8SS[*J 1 iBMO . Ch{cj:*5^ T^SitS 
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ail4b. 14cil4 6 t\t^ti^tim^(iCUm'^ • 

[0 1 6 4] 1147 ji'^Vr\y-f)^8m(D^m$tl 

7 a. Ih^tmW}^^. 1 4a-^l 4h(i>'N*;l/X 

ffi;&iTFU;j^fi^a,, a,tCj:-5TStRSn. ja«?3n lo 
fc7\y-(D^f)mi'^t?>. ttj:t>h. a,ai= "0 0" 
CD<i:#«2a<b2e. a,ai= "0 1" <Di*«2bi 
2f. a,a^= "1 0" <0<!:*«2c<b2g. a,ai = 

"1 1" (D<i:t«2di2h?i)5^n-eniijw$n'S)o ^ 

Wei?). ii^R^n/c7^-fflCD>'^•>'^X^/)p|, (k=l'- 

8) <D^tm:b^ri6o trj:t>^^ a4 8CC/i^-rJ:^ 

CC. rKUXm^aiai= "0 0** C3[)^*«^^V^X<^)p 

<^>ips. aiai= "0 I" <Dt^W<)l:^<i>P2t<t>p6. 
a«ai= " 1 0" <D<^:;^ti^^•>»^X</)pJ<b<^>P7. aiai = 

"11" 0[)it«M-;ux*p4i«p3!>i^n^ntH:^jsn 20 

[ 0 1 6 5 ] ^^Vr\y-^mi'^^^6 
/c^?>(D8^BC7)>'^•;l/X^^[pl5S'C2^i(D|gl!)[iISS7 a. 7 

[0166] [DRAM-N(Djgfflt?l|] Sf^tC, 

^mmbtcBRAM(Dm^mv^h. a*. 2onim 

CC«^SnrC^5p 2 0 2«Mttiii|iS. 2 0 3»rtSP 

P^E^n/cmjJ^mE (VJ (Dftj^i^, 2 0 4«P^i' 
*;l/M0S-fe>X7>7'(D|g8(jM0S h'^Vi^X^, 2 
0 5 « N ^ 1- :^ ;l/M O S -fe > X T > ^P'OeSftM O S h 7 
>i^X3?. 2 0 6^JP^i'^Jl'MOS-te>xr>:7\ 2 
0 7^SN^i'4'Wl/MOS-fe>XT>7\ 2 0 8^i^^'; 
•i2;l/, 2 0 9«P^'t'^^;t'MOS-fe>xr>7'CDN^'^ 

*;i'Sl5. 2 1 o^Hzjuru-SPi-fevxrvT^SP^^t? 4o 

-^f-tyr/P ^i^. 2 1UJX'r:3-y. 2 12tiY7'n 
--3^. 2 1 3ti>>3-*h • 7*U^ + -s;^m-^i^. 214 

JUfe0f|kDii^. 'fe>XT>7lgt!)M0S h7>i^X^2 
0 4CCOAj:;&5^P5='^^s;l/MOS h 7 >>^X ^C3[)>'^' 7 ^ 

[0 167] HzVXT^^'CDct^^Ct^^Digj'SCMOSIlI 
ggCDii^. PJ|50Sfi«:fflt^-2><b. P^ + :^Jl/MOS h 50 
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[0 1 68] /c<!:^«Vcc = 5V. V„=3V<tT'5 

mtow(>crj:^. m^^m^t^t. ^>:^7yy'^W} 
mob^i^mmz mnm) «*^o,8 6v. mmmt 

ftO .5 7V-C*>-2>o ^UN'i>*;l/SE*Vcc (= 5 

V) tbXi^^^t. 1 .1 V. 0 .9 2 Vt^^cC'S). C 

ii. ±iaDRAMO'fe>X3^(D8ljf'fiig^. Pf'-t'^^iU 

MOS h^>5^xarcDLtiifiimECc*tLr:?*n--' 
«imE±#«$^ 2 n s (ommmm^ov. c cDii^ 

N':7*;l/mE*VL, (=3V) tt^^Ctvmbnsia 
©CMOSLSHJ. <kOlftf^m^:W. Ste (•^;«: 

[0 169]ccr\ N't^xil/mE^P^i'^^l'MOS 

h 5 >i^x ^ cc^ 3 n€>rtgBmasmv ^ ii? u < -r 

-BCc^/cO, §Sig^^j:^^c<i:^N'^:c;umEO^iii?&^ 

/2cc^';^i'-^$;?3n6©-c. p^^^^^jumos 

[0 17 0]«±. •b>XT>7'^t»JtCio'ClSiB^L//c 

ME^w-r^cMos - LSI /:i:6Mffloft^-c^)^o 
tfc. :^mM<om^m^chi.>x. ^mwommm. m& 

[0171] W±lftq«L/cJ:^tc. ^mM^cJ:niiX. m 

tfcnno^^i^^^^mi'^'^-h^c^'ox^m 

[0 17 2] */c. j^^mEE^mmtLxmi^^^mm 
^%mmii^x<Dmm^mt^cti)^x^hox. m 



02) 



41 



Mosi5i8Sccte(,>T. C'i^urtKJi^fiXsnro^* h7> 

•rSC<!:*«t?t-5. 10 

[0174] c^3 it))^-vi ±.mmofSim.^jiS.. 

S I ©Ji^. SE'J 5 3»fiSaL/)fertSSmEffll*sS9:th 
fii*^6i1-nt:i»Si. rtSPlHlS8©I!lfpv-i/>*s$^<«: 

*y^Xi«l?-C*^»-r*JS^. rtSBSEii€r»lSCi3!H 
rtJ&c*^. ±iB©J:^&Wj®W?§!a{cF6*>a>5Ci*5 

[0175] rtSPmESiFK/^ Y^m-iX. •e©/N' 5- 20 

SQ^ci*s-c**. i/*>uc©:^ft«:Bi>:©J:^«:ras 

[0 176] ISIK, ^^•■:« F*^<=>^*'j7-X$$r©E 

[0 177]II2«:> jt^')7-7.^<DKt)^y\i''^> 
X{cj:-,rSE«I*s^{bf <!:*s**. 
(0 17 8]IB3k:. >*';7"xif(tTtnd^mEOJ 

SCC^H3>S*>3!pS. 30 

[0179] *3mWI©aW«. ±fB©f!5a*?:fi?^ 
L/ . rtS|J^E«ri^SP3!»> 6 ^ * 'J f X $ ISf"C*^2-r S C i 

[0180] ±ia@e!3«:SfiX-r.2>/c«!). *i^jse^t?«. 

i. -e©i:b«?^m^a;'3-r€.^|g:?:i9:w^. 
[0181] 9^m^hi^-^HicmKtn%m.w.tiVc 

mEm^iphuwsL'^mti^^viVc^x. w 

g©A;b-<>f-i*'>x©i*S?:SCtCc< <. 

[0 1 8 2 ] WT. iaB4#iii/-c:*ii«s<«4i«wr 

^.■r*i. **ig«DRAM«:K6-rffe©^|i*ftgBJCt 

[ 0 1 8 3 ] 05 2 ViimUm^mt. cn«mE'J 5 

rf^ 2BDRAM©y*'JTU-. 3BDARM©^ja 
HIS. 4B^'j5^r^. 5Blt$5i]i«. 6tt-7;l.9^7' 50 
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itC. Vcc<tO«>fit,^I^SPmaSV,«r^4f DRA 

wr>^Tm%z\m%wBNc^^i.':>x%mw. ^ 

[0184] *lli6t^(Cfct»tl^g8miSVi©mE?rtS^ 

[0 1 8 5] J:b$5|518S5W, V, itblSffl^EVs i^tt 

^:«JSt^-eB. ^^^KWhm-\t.. DRA 
M©f'-*^D,,i«fflr*S*5> »ffl©ffi-T--C*>J: 

Wl'^vVr^^iW^X^iitfxh. ^W^x\t.. C 
4tt:^-r-S}gi^B, DRAM07=-fai:^jjg^D...i 

[0 18 6] hb©lll:'3CB,. V,>V»©i#«i«U'< 
Vi<Vs©<l:t«fil''<Jl'{C&S. l/fc*ior. D 

[0187] /ci^«. ii-8i5mtsy„**. 

VcCnSVcc^Vcc... -d) 

©KHT. Vi!&JV,.,.J:0til5< Vi...J:>3 4>(a<* 

w*a«!5c6!&i,><t-r-5. cn%*i«-r*«:«, *r. d 
,„ecv..,„?:EntiDLrVcc'&v„...*^^Vcc...*-cs 

^XtC. D,.K:V„...4EnflnbrVcc?:V„.,„*if,V 

cc-.tJ-c^^bSi*. D,.,*s««:ffiu-^;u-c**ct* 

[0 18 8] C©j:^{CD..,«i^*>6ttl;'33ti4(i-^ 

mmmnt^m-aicit^x. «#^>^:';f-;^f©A;'7 

[0 1 8 9] f-;^hJ:^-:/JHi-^TE«. V.i&tS^ 
TS*- Fr*S!!p> ji^©^ffll//«ji**- K-C* 
•5!0>«r7S-rm-tt?*.5, C©fi^«. J:beilS85%i* 

T6«rW0§xSfci?)CCffl(,>6n^. TE«rA;'3-ri.fc 

«)©ilffi©«^*8a:wrfe<ki,>*5, 3i£||jst^-e«, te 

«:^4-rSfc&®IiS88'S:S:l-tr4)So CClalSgB. D 
RAMOO-^r FU^^x^ hP-^/fi-f (/RAS) . :<7 

7ATFu;^xFa-y(i# (/CAS) > teJrcmji 

(/WE) A5EPJ)DSn*f 5>i^© 

jfi-^-sK: J: o-cT E ^m-rs. 

[0 190] cn*@53 (a) . ( b ) *ffll,>rgttW 

[0191] DRAMrW. jiS©gab/Sji**- 
F®i#«. 053 (a)©J:^{C, /RAS«/CA 
SJilfcJttCEnttlSn*. 3£{C05 3 (b) ©J:^«c. 
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/RAS. /CAS, /WEO^>f ^>d^©i|i^#tCJ: 

^'f^{7::-i7)V'-<^J^--X. mi8H*^6mi9S. 
1 9 8 7^2^ ( I S sec Digest of Technical 
Papers, pp. 18-19. Feb. 1 9 8 7 ) *^C>«/ 
T-Y • XX • iX • V- • i^-. :$f-f i/*x h • jj-::^ • lo 
f•^r.:^;^'-<^y^•^X ^2 8 61*^6^2 8 7 S. 
1 9 8 7^2>g { I SSCC Digest of Technical 
Papers, pp. 286-287, F eb. 1 9 8 7 ) tCtel^ 

[0 19 2] ccr^w,<D^mcmi.>6^m(om^ 

(Vs. C. *sJ:OTE) <DXtiimm(^-:>is>xm&L 

[0 19 3] cn(b(ofm<D^m<D^^i:mixhJ::i.^ 
t^ti^inmmv$>y). te«/ras, /cas. / 

n^Jit. DRAM**C0ffl^<D^%ffll>rV.4«^«r 

[ 0 1 9 4 ] S 5 4 ^Cj:b$5!lSg 5 O-m^n^-^. 

[0 1 9 5] 05 4K:*Jl>r. 2 0«V,4tfJ:t)fVs4A 
;^<bL, y--K2 7^ffl:;^;<h*r^^ifcJtiHSr*0. N 
5^^';^J^M0S h7>i^X^2 1 , 2 2, 23<»:P^1' 
*;HVIOS h^>t^X^f2 4. 2btf^h1&^o ZO\ty 30 

F 2 7 ^A;^6 LC ^ffl:^<h"r ^ ^ >^^'- ^r^o . 
N^t*;nvios h7>^:^x^3 i «i:P^i';^;bMOS 
h"7>i^X^3 2*ie>fi!ii5o Vt3&«VsJ:9«>ii5C>i*» 
^--F2 7;!)^®U^;l/. ffl:/3C?5^»U^JbCc^j:^„ V, 
*Ws<fc»:)<>fit>it«^'-F2 7;C^^i«u-^;K ai:^;c 

[0196] i;b$j^iii?si bx^mwom^mm-r^i^x 
Jicciisu^ji/ (^Vcc) . i&v^n^ (^ov) ccr#-s 40 

[ 0 1 9 7 ] *lilSSr«. MOS h^>$^X^2 ICDy 

-F5cTE*^A:^fSn"Ci^-2»or. v.^m'^-Yot 
±-c»s, */c. ami»fpmiP^-f*;i'Mos Fv> 

[0198] *tc. *^?g{cfflli-5-7;U^:/U^1f*5<fc 
XJf^H^^ jOy 6<Dl|31:^ffitCOCi"C3iWTSo 50 
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[0 r9 9] 05 5t*v;l.^7'U^1fte<J:O'm;^j>'N'7 7 
rCD-^TfeSo S5 5*. 4 1. 4 2. 4sJ:0'4 9-- 
5 2«'^>>'^'-:5r, 4 3'-^4 8tJNAMD^r^h. 53 
te<J:Of5 4«Nf'i'*;l/MOS h v>i^Xi>-C^-2)o C 
coUffitJ. DRAM(Dr-^ai:^doutii:bSJlHl58cDa 
:^?CCD^-^<D-:&«:3iJRUT. Ul;^ffi^-D,«,tCttl;^-r 

smw-c**, t^mtsj^-r-s^^tt. TE mmi^ 

Xhx^--:^;^!-^) :teJ:?>'OE (DRAM(DW;^?x;r^ 
-:^^Ki^) ccj;or^^$ti^. TE;&iSU'^JU. O 
E3!)iffil/-^JK3[)<!:* (V.tjlS^-F^Di*) «C^. 
TEiSL/'^-'l^. OE3!^5^U--^;l'(Dcbt (^fflU^--F(D 

E. OE?&«<l:t>{CffiU^JKD<!:* (SjA*^-F4>U< 
[ 0 2 0 0 ] @ 5 6 iC*^HJ(Dffe(D||]5SF!l?:/T:'r o 

3&^A;^$nr:foO, tkl^lilSSS- 1, 5-2©2<i*i|9: 
[020 1 ] Jt®ig»5 - 1 til^SSSEV. i Vs, i 

5-2^iv.<bVs,(t^-en^ni:t«?^^. ibf^ffl 

t^fiU-^JU^CJ&So J:b«Jffl*C,», V,>Vs,CD<i:t 
^m)t^'i>^^C.\%. C,<hC,^ANDy«-F9CCj: 

[0 2 0 2] *iQfiWJ. 'f-^K-hm'tm^m't 

t9>'5X4t^-:; h^^ODRAMT^^o ^CT'. ibKffl 
mav^iVsziOA:^. teJ:c;i:bS5!te*C(Dm:^CC 

4<i(Df^--^AIti;^S§TI/0.'-l/0,CD^^CD 
3{i«:*tJfflbTC^^o ffJlte^cDJ:^€j:x i \i j 
DRAMOii^«. yt<b^«C(DU:^«:«Do„tt. V 
SI. Vs,CDA;^tCtiD,„*/diT FUXffi^CD^>^0[>2 

[0203] %wm(m^^t. n ^ti^hh^nn^th 

=v,..,i-rn«cti^ VL.,„<v,<v.,.«(o<i:t(c 

[ 0 2 0 4 ] 0 5 7 (.c^maoi&ommm^^^t. 
[0205] irj^cD2«ifit^<!:©m^ji. tmmmm 

iic^^mmmKy,^DAcvi'^^xi.>^ctv$> 

r FbX^^Aii«fflT$>^, 
[0 2 0 6] X:fl^tifcTiy^Mnmii. DA3>>'^''- 
^1 OtCjto-CTtDi^MEVstC^ftSn'So DA3 
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[0207] ^mmmoMmt. a:^fcwf «:< a^t^ 

fHIJfiWI© J: ^ «: 2 ffltc 1/ r i J: t, > c i 5 A/T* 

V, = (V./1 6) • (8S, + 4S, + 2St + 1 S 

[0 2 1 0] 1158 (b) ^CDA^>.'^•-^^©ffi(Dll^S»^ 
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* [ 0 2-0 8 ] *|QfiW(Cffll,»SDA3>-'-<-i'«C 

[02091058 (a) tCD A3>>'-«-$©-WI*^ 
0*. 6 l*5j;C/6 2«'f>>'<-i?. RfeJ:0'2R 

ti*t. •^>-''?-a'6 2©ffl;*3aE»A^«#{cit.i;-c 



■• (2) 

7 1 



7 2«M0S h7> 



V,=(i/16)-V, (i = 

©5%> i-:5?:stRL/-cttj;»3v,i-r*. commt. 

V;^) *J+»:^*Wn« (S5 4©lHlS8tt. C©^€: 20 

[02 1 1] fete. H58 (a) . (b) ttt,>1'nfe4 

tr-^ b©DA^^-C*.S„ LTi^b. i© 
SaiElittci^gpmE Vi ^^^-r .Siii'S*!* -S-JPtC J; ») 
ifiSUr 4>cfci,»C iiil--^ *>^cl^ 

[ 0 2 1 2 ] a 5 9 i^:^^m<DmK.mom^vii:mt. 

^*fc&©uy;^*8 0*ii9:we>n-ci,>S. tlT. *JI ao 
jfi^©Kif'P?rS 6 0 ©$ 5 > i^sfcfito T iftq^-rs. 

[0 2 1 3] /RAS. /CAS. /WE©i?-/5>i^ 

iaWjliSPiliPl^-r^So c©B#A-cuy';^i'8 0© 

F*}S«. ®±{4e-:; hS,©i5>*S . fifea "0" t 
l^^tfc^KSlSSnS. C©ilf. tkSWmVsBV, 
/2lCl?OI,^ C<DV,tP^UmEV.titmbtcm [E 
*, C= l-r)a:b%Vi>V,/2Aj:e)«. «±fit^-^ h 0. 

s,«-e©*s "1" (c«ftn> c = o-r!^c*:)-fev,<v [e 
,/2!5:e.«s,« "0" «:»jH2"^ h$n^>. 40 a 

[0 2 14] ^xccuyxifos,*^ " 1 ■■ cc-fe ? hsn [0 

*.'c©it. J:bi^fflmEVsWV,/4S/ctt3V,/ a 

4-C*i. C©Vstrt8|5«EV.i41t«l/fc*S*. C [E 

= Ud:6lfS,tt^©S$ "T'lC^itn. C = Otj:l^> @, 

«S,« "0" «:>J-fe-:» hSnS. WTlBl^KL-C. [0 

[0215] &.±(ommti^o V ^(cisiwt-ctfton 

■5. *3l»WlT?«/CAS%4'a-^d'<!:Lrfflt,»ri,> 0. 
■5. -r*:*)^. *-r/CAS4/RAS<t»3«>5t«:fiU 



= 0~1 5) - (3) 

/CAS*±tfTlf-rSCi(Cj;i3, ±iB®AD 

^^*sifbns. c©pa> tb:^S^D,.,«c«Sil©Jt 

0. AD^»©ilSm**p.5Ci*st?t*, 
[0 2 16] 

f'yfji/m#-ril-8iJ(ctH:^sn*©'e, f«J»«E«rn3P 
[0217] fe<±*l6?««:<fciitf, iB;MBgi*J»(*«« 



[0 1 ] ^§mom 1 <oif}i'-y(Dmmmim.mti> 
[03] *^w#e.*5^mi//crajii,#.«rittgg-r^0, 

[04 ] *^W«6*s|6mLi^raS,'^.?:3iWr-50. 
[05] *S?g#6*i^SL'/cmii*?:l5i?g-re0. 

[06] *^w«e>*^i%aL-fcras.^,<&siwr^>0. 

(07 3 (a), (b) «fiE*SJfi«:SiMrSlHlK0. 

[08 ] *^w©» 1 <Dtfi\^--:f<ommmmm'ri, 
[09] 1 ©i/;u- 7"©3i|jita)j&iftH^-r s 



1 0 3 *^M©ll 1 (0{f)\''-:f(DW&m^mmti> 



II 1 3 *^W©lll©i^^l'-7"©IDi«^«:lttWrS 



12 3 *^?«©l^ 1 ©yjl— 



[0133 *^W©II 1 ©i^;U--7"®36tetW«:SiW-r.5 



114] *^ig©» 1 ®^;l'--3"©*Mlff!l*sttW^ 2. 
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[0161 1 © if)\^- ■:f(Dmtii&mivmti 0. 

0. [040] *f6?3©a 2 © yji- - 7"© JU6«l*iftwr * 

[017] *^?g©» 1 ©yjl'-:/©ll»e!l*s»?^-rS 0. 

0. [04 1 ] *«M©»2©d^;i'--?'©jUfimi»Wt'6 

[018] j^H^<om 1 © i'Ji'- :^©jl«fi09*SiM-r ■& 0. 

0. [042] *^?«©s 2 © i^;!. - ycom^m^mMt 

[019] *^?g©^ i<oif)i'--^<Dmmm^iii^M^ 0. 

0. 10 [04 3] *iEW©iPr2©y;i/-7'©iUfim3iM-r^) 

[020] *j%?g©m 1 © i'ju- :/© lestFii^siwr s 0. 

0. [04 4] *SilS©ll2©y;U-7'©^WI^gia«T* 

[021] *«w©» i<Dif)i~ :f<omimmmt i 0. 

0. [04 5 J :^m<OfS2<0if)V-:f(DWi9iiiSimri 

[02 2] 2|s:^ig©s 1 <oif}i-y(om&miimt?> 0. 

0. [046] *i8?«©^ 2<Dif)\'- y'ommmimmt s 
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